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Hukill Chemical Corporation TABLE D-1 Revision 5, 1192 
DIMENSIONS AND CAPACITIES OF PLANNED HAZARDOUS WASTE STORAGE TANKS 1 

Planned future permitted storage tanks are listed by containment dike location. 
i 
' 
liM- 1.000 gal., CIS- carbon steel. S/S- stainless steel! ' I 
I I 

I I I I I I 

! MAT'L TYPE APPRO X. 1 APPROX. NO. WORKING I CAPACITY 

' 
OF Of TANK SIZE OVERALL! Of TANK CAP. 1 PER SIZE 

DIKE DESIGNATION . CONST. BTM . DIA.-HT,ft. HEIGHT.ft. I TKS. IM gal.] (M gal.) 
I I I I 

Existing HW Tank Dike cs FLAT 113-25.2 i 26 5 I 25 I 125 
(With Planned Tanks! SIS FLAT i 12-24.8 I 25 I 2 21 I 42 I 

I I I I ; --' 
Total Permitted Capacity, M gal. I ' I 167 ' I 

I I 
Existing Feed & Bottoms Dike cs CONE 8-20 I 23 2 6 12 I 

cs 1CONE 10.5-27 I 32 1 i 16 16 
I 

' 
--

Total Permitted Capacity, M gal. 
' 

I 28 
i I 

Rail Dike R-1 I cs I FLAT 12-29.6 I 30 I 3 I 25 I 75 I 

cs CONE 12-20 24 1 i 15 15 
I I --

Total Permitted Capacity, M gal. I ' 90 ' ! 

; I ' I 
Tank Farm Dike B-4 cs I FLAT 12-29.6 I 30 2 ! 25 I 50 

I cs DISH I 12-19 I 23 5 15 75 
cs CONE 12-20 i 24 2 I 15 I 30 

I I --
Total Permitted Capacity. M gal. I I 155 

I I I i 
' 

I 

HW Fuels Dike F-1 cs DISH 9.5- I 1 I 9.5 i 9.5 I 

cs CONE 10-15 I 26.5 I 1 ! 10 I 10 I 

i i I -
Total Permitted Capacity, M gal. I I I i 19.5 

I I I I 
HW Fuels Dike F-2 (W. Sect.) cs I DISH 112-19 I 23 I II 15 I 60 I I I 

I I I 
East Warehouse Dike I SIS :SLOPE I 4x6x7 Rect 10 2 I 1 2 

i cs 'CONE !4-7 ' 111 2 I 0.75 1.5 ' --
i 3.5 
I ' I I ' I ' I I 

HW Solv. Cont. Proc. Bld!l. I cs !SLOPE I 4x6x7 Rect I HI I 2 1 2 I 
! I i I I ' I i ' ' Corrosive HW Proc. Bldg. SIS I DISH 8 -10.5 ' 12 I 3 ' II 12 ' I 

I i I i I I 
! ! 

Sjlent Acid Tank in Dike I cs IHORIZ i 11 - 20LG I 13 i 1 I 12 I 12 
l I I I 

~TAL CI\.P. OF PLANNED PERMITTED HAZARDOUS WASTE TANKS FOR SITE, M <:~al. I I 549 
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Hukill C, ... nical Corporation TABl._ D-2 

Hazardous Waste Storage Tank Dikes - Containment Summary for Current Dikes 
Calculated by taking th" internal dike volume and subtracting the volumes of the pedestals and all but the largest tank from base 
to top of wall. Cone and Dish bottom tanks have no displacement within the dike. All outdoor dikes designed to contain the largest 

tank's contents plus four inches of rainfall minimum per OAC 3745-55-93(E)(1 )(b). 
Refer to Appendix D of each tank system's Exhibit for details of calculations. 

ITEM 

No. of Tanks in Dike 
Larg•.st Tank in Dike· Vol.. gal. 
Height of Dike Wall, ft. 
Area of Dik.,, sq.!t. 

Vol., Top of Wall to Slab, cu.ft. 
Volume of Pedestals, cu.ft. 

Volume of Any Raised Concrete Slab, cu.ft. 
Volume of all but Largest Tank Below Top of Wall, cu.ft. 

Net Volume for Containment, cu.ft. 

Volume of 4 inches Rainfall, cu.ft. 
Capacity of Largest Tank, cu.ft. 

Required Containment. cu.ft. 

Cont. OVER Req'd Amt., cu.ft. 

Exhibit where Details for Calculations are Found. 

' Rainfall Area Includes the Top-ol Wall Aera. 

<············----·------·--·--···----· DIKE DESIGNATION 

7 .. TANK 

9 
21.000 

3.00 
2,970 

8,910 
568 
663 

1,340 

6,339 

1,081 
2,807 

FEED& 
BTMS." 

4 
16,000 

3.8 & 2.6 
615 

1,924 
N/A 
N/A 
N/A 

1.924 

256 
2.139 

F1 

4 
15,000 
3.17 
918 

2,907 
95 

2,812 

359 
2,005 

3,888 2,395 2,364 

2,451 1 ,979 448 

Exhibit D-2 F.xhibit D-10 Exhibit D-6 

4x3M Gal. 
FeedTk. 

4 
2,900 
1.50 
275 

413 
N/A 

413 

N/A 
388 

388 

25 

Exhibit D-7 

"'Feed & Btms. Tank dike wall was notched at top of common wall to Exist. 7-Tank Dike to get required containment. 
Refer to text under "Spill Containment Volume for Dikes" in Section D for discussion and Appendix B of Exhibit D-1 0. 

"' Used only aisle space to demonstrate more than required containment available. 

Section D 

Revisio,, ,0, 3/96 

...................................... > 

E. WHS. lor 
DISPERSER 

3 
2,000 
0.38 

6,424 

450 
See Below **"' 

450 

N/A 
267 

267 

183 

Exhibit D-8 

SPENT 
ACID 

5 
12,000 
2.67 
1,265 

3,374 
109 

594 

2,671 

481 
1,604 

2,085 

586 

Exhibit () .. g 
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Huk111 Chemical Corporation TAtllE 0-3 Revision 8, 1 0/93 

~N~l~~E:~T CALCUlft.!I~~~FOR_~.w. C9_:~::~-~~r:~~-~~-~s _AN-]_:~~~~:G o=r AREAS. --- I ---·-------t-·------------1 
~lculati~ri.S_!~I<.~ the int~_~l~ntainme.!'!~ea by the mini!f!u~ curbin!L he!_!l~!.!CJ.~ the maximum containmentvolume. The added volumes due to floor s!ope and ~."!~.c:h
volume are also included. Then. the displacementfor pallets or other major displacements are subtracted from the total volume to get the Net Containment Volume 
~vailable vililhtilemaximum permitted stora9e on h~nd. · 1 - ___ _ ___ T_______ [----------r_=--=:::==.-== 
Truck Unloading Dock Areas a..~:e designed to contain 44.000 pounds of the Hazardous yvaste normally unloaded at that dock. Volum~~l:lased ~n densi~--·---------· 
The volume of a typical pallet was calculated aJ;1 .9 c~b._i9_~ee!:._ Howerr, for containment ~~-u_l••tio~_c?_f!IY ther()__rt_i_~_CJ.f the ~I!.E!! b_elo~~~e top of th~_ . ------.---·I 
minimum height of the containment wall is considere~_-______ ---·-·-------- ·-------- ____ _______ .... __________ , 

t·-·--------------·---------··--------· -----------------·---------PLANNED --PLANNED-- PLA'NNED- --PLANNED-
-·---~---------~------------------ -------- --- ---------·-----------

CONTAINER CORROSIVE SPENT SOLV. CORROSIVE .. --------------------------------··------ ---------- ---------- --- -----------
EAST PROCESS PROCESS CONTAINER UNLOADING UNLOADING 

------~----------------------------- --------- --------· --· ------1 _ __II.EM _________________ yvAREHO,.YSE _____ BUILDING__ BUILDING BUILDING DOCKAREA I.)_()C~!'_REA_-l 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••-•-•••••-••• •••••••••••••••-••• •••••••••••••e~--~- ---·••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• 

-----------~------~--·----~·-·-- -----------~---- -··------------- --··-·----·-----
Length Inside Containment Area. ft _______ 92 ______ 80 ____ 119.3_~----- _____ 7]. __ .. _______ 60___ ----~L __ 
Width Inside Containment Area. ft. 7 4 44 98 48 50 23.5 - - ---------- ·----·-·---·- -------·-
Height of Containment Area Curb. ft. 0.375 0.375 0.333 0.333 2.4 1.167 

~~~~a~:~~~~~~5~kc:ft_-----=~~- __ _-:=r~~3=~=---1 __ - 13~~o ===- --==...a.6~~4=- --=~-=--=--~::=.::?~-== ----~~~ == 
------------- -----·----·- -------------- ----- --- --------

dded Volume Due to Slope, cu.ft. _____ __ ___ N/A __________ N/A __ -----~g_ __ 288 _ _ _ _!l_QQ_ ______ -----~9 
TotaiPossibleConta!nmentVol.,cu.ft.______ __2.553_ _______ 986 ______ 4.5!!? _____ ·--~~--------8,122___ _ _ _1__,~3!_ .. J 
~::~:~~~~:~~~}~~~~~f~;::~~,;;sT ----,.~~65 ---1 ----~osg___ {;~~-- ---- ;~_}----- -- ~;~---- ---~~ 
b------------------------- --------- _____ .,____ ------------ ----------
Max. Number of Gallons for Bulk Truck. gal. ___ N/A ____ N/A ____ _.!'!{~---- _ N/A 6,600 -~00 __ _ 
Volume of PaiiE!!S_:IO Cu!b Mill.:__!:l_~gh!, __ £1J__:fl,_ __ ____ J~----- _____ _3_1__ _ _____ 13!?.__ ............ ___ 45 --· _____ ·:.: ___ .... _, 
Net Volume for Containment, cu.ft. 2.454 966 4,380 1,394 7,200 1.127 , -------- -------- -~ - ~- ___________ , 
Converted to Gallons Containment Vol .. gal. 1 ~,360__ _ __ __Lgg_~---- ____ 32,76~-- _ 10,426 __ 53,863 8.432 __ _ 
Largest Haz. Waste Volume Available, gal. _ __§2.380 ____ 5,500 ___ __82,50D____ __ 27.500 _ 6,60.Q_ ___ _§,~00 __ _ 
Ten Percent Containmentfor Drums, gal._ __ 5,038 ___ .. 550 __ 8.2§.9___ 2.750 N/A ____ _]j/A __ _ 
Add 4" Rain Volume for Outside Areas. gal. --~------ _____ N/A ___ .. _ N/A N/A __ _2,_~ __ 2,~10 ___ _ 
Required Containment Volume, gal. _____ 3_038 _____ ---.. ·~-- -~,?~- ___ 2,750 _____ 14.074 ---·- ___ ____!,_!_1_0 __ _ 

F~~~~~-~:,-~:=-~=:~·,. -~ ---~-~ ~g=--t-~:-~ 
• Pallets are normallysta.ckecj_1\,y()i1_igh. _This means that eight drums occupy asingle pallet area. Exception is the Processing Area. ONE pallet high. 

Section D Page 1 \PARTB-8\CONTCALC 
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98' 
~ 

v 

PALLET! ZED ORUI\S 

? ·FENCE , EAST PAC AREA 
CCNTAINIIENT 

6'CO'\C. 7 VALVE f TOP OF CONCRET~ ") 
Clm 

,_ CONTAINIIENT PAD A<:l SLOPE TO CA T01 BAS IN 

I CATCH 
II .fr_CATD-1 TIIN< FLOII FRENCH 

BASIN ~ fi.Ql!" ~ 4' P.V.C. - DRAIN 0 

= 4" P.V.C. PIPE 

'· 'F Li H\1 
LINED 15' R.C,P. 

I CONTAIN/lENT SYST. 
- Fl.OV I NfERCEPT mes 

HUKILL CHE~ICAL CORPORATION 

'-PARTll'\SECCONT. 0\IG Rev. B/9/9B 

PROFILE OF NO-FREE-LIOUIDS CONTAINER STORAGE AREA AND EAST CONTA!N~ENT PAD 

PLAN SHEET 9 



Hukill Chamlee! Corp. 

PRCPERTY LINE 

LE(D.(): 

= ~
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Q 
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C~B. 
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0 
C.B. 

N 

t 

FIR£ 

~~ 

SPENT 
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TANK 
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RESALE AND PROCESSED 
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Huk1ll Chemlcel Corpor~llon NA ,..,. Rev I e 1 on 5 , l/92 

LE:GEND: 

. CONCRETE 
SLAB 

EARTH DIKE 
EXISTING 

CONCRETE 
HOUSEKEEP! 
PADS 

NEV EAST PAD HAZARDOUS VASTE STORAGE TANK DIKE 
! INTERIOR SLAB AND VALLS ARE CONCRETE VITH l~PER~EABLE COATING I 

X = VALVE 

= PIPE 
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I"'" 

_I 
6 J" 

'- _?Q' H71" ,___;--I 

HCI Ac1d 
Held /'IT 
Conl:..lnQ. 

?01 HF 

6 1'1 Go 1 . 
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,.......-:- =-=-'1 ~ 

I I Ac1d Blend 

Anhyd.HF I Tonk 

HF/Sulfurlc 
lSI 

6 1\ Go 1.,"' 12 1\ Go 1 . 

L. ........_ 3T 

Spenl Ac1d 

Tonk 

HF /Su 1 f...r lc 

12 1'1 Go I . 

r 

5.4 1\ g. ij2 'S"~ PERIIITIED l'"i""B" ~~-~~~~d -'l 
~~ d "-..____ ~-2· 
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20" Be 

HCl Ac1d 

Tonk 

10 /'\ go 1 . 

42" Be 

N1l.rlc 
Actd 
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50 7 Aqueous 
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6 1\ Go 1. 
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SHALL B£ AIR £tiTR.Ail:£o. 
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11. REFER£1/CE: ORAWJNC: F'RAtiK B. KRAUSE ' ASSOCIJ..":'t:!: ORO£~- tiC. 
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6-96 STORAGE AND PROCESS VESSELS · 

vessel, and signed by the fa~ricator and by the authorized inspector. 

Copies of these reports are always sent to the vessel owner. If the 

vessel is to be registered with the National Board, the board re

ceives two copies of each (see also p. 6-92), one of which it for

wards to the Code authority in the state where the vessel will be 

installed. · 
Materials of Construction. Subsection C, Requirements Pertain

ing to Classes of Materials, deals with allowable stresses and other 

requirements which are dependent upon the material. With certain 

exceptions, it requires that all materials subJect to stress in Code 

vessels shall conform to one of the specifications given in Section II 

(Material Specifications) of the Boiler and Pressure Vessel Code. 

Subsection C is divided into the following parts: · 

UCS-Carbon and low-alloy steels 
UNF-Nonferrous materials 
UHA-High·alloy steels 
UCI-Cast iron 
UCL-lntegrally clad plate or corrosion·resistant linings 

UCD-Cast ductile iron 
UHT-Ferritic steels with properties enhanced by heat treatment 

Part UNF tabulates some mechanical and physical properties that 

are not readily found elsewhere. 
Tables 6-57 through f3.59 show the allowable s~esses at several 

temperatures for some of the more frequently used materials in Parts 

UCS, UNF, and UHA. Materials are not approved for temperatur 

outside the ranges shown in the Code. · es 

Fabrication Methods- Subsection B, Requirements Pertainin t 

Methods of Fabrication of Pressure Vessels, is divided into~ G 

following parts: · e 

UW-Welded vessels 
UR-Riveted vessels 
UF -Forged VeSsels 
UB-Brazed vessels . 

Welding is almost universally employed for fabrication of pressure -

vessels. Forged vessels are generally used for high pressures where 

shell thickness becomes too great for rolled and welded plate con

struction. Brazing is used mainly for small vessels in quantity 

~roductiop, although the Code does not place any limit on their 

s1ze. , 

Welded vessels (discussed in Part UW) may be fabricated fromt · 

any Code-approved materials that are proved to be of good weldable 

quality. The welding procedure must be qualified in accordumce 

with Section IX. Section IX also requires that each 

qualification tests for each particular type of welding 

machine operation in which he is involved. Usually, 

less than 0.35 per cent carbon can be welded without dillicu!,Y:' i 

~.able 6-57. Maximum ~lloWable Stress Values in Tension for Carbon and Low-alloy Steels 

Values in pounds per square inch 

A.S.M.E. 

I Specification Nominal 

No. Grade 

Plates 
Carbon Steel ~ Ji>' SA515 55 C-Si 55,000 13,200 10.200 6,500 2,500 

SA515 70 C-Si 70,000 17,500 16,600 12,000 6.500 2,500 

SA516 55 C-Si 55,000 Jill@- 13,200 10.200 6,500 2,500 

~ SA516 70 C-Si 70,000 00 16,600 12,000 6,500 2,500 

S.\285 A 45,000 11,200 11,000 9,000 6,500 

SA285 B 50,000 12,500 12,100 9,600 6,500 

SA285 c 55,000 13,700 13,200 10,200 6,500 

Low-<:llay Steel 
S.\202 A Cr-Mn-Si 75,000 18,700 17, TOO 12,600 "6,500 2,500 

SA202 B Cr-Mn-Si 85,000 21,200 19,800 12,800 6,500 2,500 

SA387 n· 2% Cr-1 Mo 60,000 15,000 15,000 15,000 13,100 7,800 4,200 .. 

Seamless Pipes 
Carbon Steel 

Tube> 

SA53 A 48,000 12,000 11,600 9,300 6,500 

SA53 B 60,000 15,000 14,300 10,800 6,500 

Low-allay Steel 
SA213 T22 2% Cr:1 Mo 60,000 15,000 15.000 15,000 13,100 7,800 4,200 

Forgings 
Carbon Steel 

SA lOS I 60,000 15,000 14.300 10,800 6,50(} 2,500 

SA lOS ll 70,000 17,500 16,600 12,000 6.500 2,500. 

Low-alloy Steel 17 .. 500 
. SA182 F22 21ft Cr-1 Mo 70,000 17,500 17,500 7,800 4,200 

SA372 IV 0.25 Mo 105,000 26.200 to (when normalized or tempered) 

Castings 
Carbon Steel 

SA216 WCA 60,000 15,000 14,300 10,800 ~.soo 2,500 

SA216 WCB 70,000 17,500 16,600 12,000 6,500 2,500 

LoW-alloy Steel 
SA217 WC9 2lf. Cr-1 Mo 70,000 17,500 17,500 17,000 14,000 7,800 4,200 

Bolting 
Carbon Steel 

·::.')." 

~A307 B . 55,000 7,Q.OO (not permitted above 



PRESSURE yESSElS 

Table 6-58. Maximum Allowable Stress ValueS in Tension for Aluminum and Aluminum-allay PrOduds 

Values in pounds per square inch 

Specified Specified 
minimum minimum 

tensile yield 
Temper Thickne·sS, in. strength strength 

Sheet and Plate: A.SM.E. Specification No. SB-209 

1060 0 0.051-3.000 8,000 2,500 
H12 0.051-2.000 11,000 9,000 
H14 0.051-1.000 12,000 10,000 
Hll2 0.250-0.499 11,000 7,000 
Hll2 0.500-1.000 10,000 5,000 
Hll2 1.001-3.000 9,000 4,000 

5052 0 0.051-3.000 25,000 9,500 
H32 0.051-2.000 31,000 23,000 
H34 0.051-1.000 34,000 26,000 
Hll2 0.250-0.499 28,000 16,000 
Hll2 0.500-3.000 25,000 9,500 

5456 0 0.051-1.500 42,000 19,000 
0 1.501-3.000 41,000 18,000 

H321 0.188-1.250 46,000 33,000 
H321 1.251-1.500 44,000 31,000 
H321 1.501-3.000 41,000 29,000 

. A.S.M.E. Specification No. 

AU I 8,500 2,500 

Specification SB-210 

0.010-0.500 I 8.500 2,500 
0.010-0.500 12,000 ~0,000 

SB-2ll 
65,000 55,000 

1,600 1,600 1,600 
2,700 • 2,700 2,600 
3,000 3,000 3,000 
2,700 2,600 2,400 
2,500 2,400 2,100 
2,200 2,100 1.900 

6,200 6,200 6,200 
7,700 7,700 7,700 
8,500 8,500 8,500 
7,000 7,000 7,000 
6,200 8,200 6,200 

10,500 10,500 
10,200 '10,200 
11,500 11,500 
11,000 11,000 
10,200 10,200 

1,600 1,600 1,600 

1,600 1,600 1,600 
3,000 3,000 3,000 

12,200 11,600 

1.,400 
2,300 
2,900 
2,000 
1,900 
1,700 

6,.200 
7,500 
8,400 

- 7,000 
6,200 

1,400 

1,400 
2,900 

10,400 

1,200 
2,000 
2,600 
1,800 
1,600 
1,400 

5,600 
6,100 
6,100 
6,100 
~000 

1,200 

1.200 
2,600 

7,200 

1,000 
1,800 
1,800 
1,600 
1,400 
1,000 

4,100 
4,100 
4,100 
4,100 
4,100 

1,000 

1,000 
1,800 

4,400 

6-59. Maximum AlloWable Stress Values in Tension for High-c~llo·y· Steels* 
Values in pounds per square inch 

Nominal 
Grade 

~ 18 Cr-8 Ni 75,000 15,600 12,900 11,000 10,100 9.lf}O 8.800 6,000 3,700 2,300 

Cr-8 Ni 70,000. . 13,300 10,000 9,300 
Cr-20 Ni 75,000 18,700 16,900 14,900 12,700 !1,600 9.800 5,000 2.500 700 300 

Cr-12 Ni- 75,000 18,700 16,100 13,300 11,300 10,800 10,600 10,300 7,400 4,100 2,200 

2 Mo 
410 13 Cr 65,000 16,200 15,400 14,400 13,100 10,400 6,400 2,900 1,000 

TP304 18 Cr-8 Ni 75,000 15,900 13,300 11,000 12.000 11,500 10,600 7,400 4,600 2,900 1,700 

TP410 13 Cr 60,000 12,700 12,100 11,300 10,2.00 

75,000 15,000 13,300 10,900 8,600 7,500 7,000 6,300 4,500 2,400 1,400 
110,000 20.000 19,000 17,700 16,100 11,000 

several sets of stress values dependent on specific conditions (see Code Table UHA-23). 
in. at 800QF. 

heat treatment (usually stress relief) is required for some 
,~oditior", as thick plate, low-temperature service, high car-

toxic contents. 
not permit any welding to be done when the 

OQF. Between oo and 32QF., the metal adjacent to 
heated to at least 60"F. before welding is started. 

"'""""''"'" that no welding be done when the surfaces are wet 
· ice, when snow is falling, or when exposed to high 
the work is adequately protected. Welding surfaces 
free of grease, dirt, and slag. 

of we~ds used for most longitudinal and circumferential 
.n.. •• ~;:-.''"<~ure vessels are shown in Fig. 6-138. Table 6-60 shows 

":':'"''d·jinh>t efficiencies for the three welds shown in Fig. 
etticirm,,y is the ratio of the allowable stress in the 

(o) I b) (o) 

FIG. 6-138. Weld types; (a) Double-welded butt joint, back
chipped before welding second side. (b) Single-welded butt 
joint, with backing strip which may or may not be removed. 
(c) Single-welded butt joint, no backing strip (permitted only 
for certain circumferential welds). 

6-97 

800 
1,100 
1,100 
1,000 
1,000 

ago 
2,300 
2,300 
2,300 
2,300 
2,300 

800 

800 
1.100 

3,000 

1,400 

200 
1,700 

1.000 

750 

4 



Structural Assessment of a Hazardous Waste Storage Tank 
for Hukill Chemical Company 

7 Tank Dike System- Tanks V-114 thru V-614 
Exhibit D-2 

Summary of Minimum Tank Wall Measurements 
Professional Service Industries, Inc. 
Report No. 138-48041-001- Dated June, 1994 

V-114 V-214 V-314 

PSI Report Sheet [3.2] [3.2] [3.3] 

Top 1 C:iii 266 265 
Top 2 262 262 

Upper 1 'i25' 259 256 1 ~.--

Upper 2 ~_8_\ 266 266 

Lower 1 276 297 286 
Lower2 12521 293 282 

Bottom 1 :266: 299 285 
Bottom2 j263l 293 271 

c=J =Critical Wall Thickness 

V-414 V-514 

[3.4] [3.4] 

267 265 
249 250 

244 253 
262 252 

276 274 
282 270 

289 276 
280 276 

V-614 

[3.5] 

253 
~ 242' 

254 
250 

,-212' I __ --

281 

282 
292 



Professional Service Industries, Inc. 

TESTED FOR: . Hukill Chemical Corporation 

7013 Krick Read 
Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks - o• = North NORTH 

On Horizontal tanks - o• = Top 

V-114 57-14F 0"1360" 

>J<""' e :::rS TOP 260 

/'w UPPER 240 
2 250 

u I 
2. LOWER 284 

L I 
270 

:-.... 2 - BOTTOM 282 
1b' ~ 264 

.e: On Vertical tanks - o• = North NORTH 

On Horizontal tanks - o• = Tap 

V2!4 58-14F 0"/360" 

TOP 271 

£ 
l'lf' ~5 

Tw UPPER 263 
I 
2 

u' MIDDLE 

2 
LOWER 298 

Ll 296 
2. ---131 BOTTOM 299 
2 ..-/ 296 

CONE 

PROJECT: T anJ:: Wall Thickness Measurements 

OUR REPORT NO.: 138-48041-001 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

226 226 270 263 244 

225 244 

239 238 

276 287 

252 264 

260 278 

268 278 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" !80" 225" 

274 

265 273 277 

274 267 273 273 

268 266 

. 297 298 

293 307 

309 308 

293 297 

Respectful! y submitted, 

PROFESSIONAL SERVICE INDUSTRIES, INC. 

C. Hubbuch 

WEST 

270" 

225. 

239 
246 

278 
270 

267 
263 

WEST 

270" 

266 

259 
284 

308 
311 

306 
298 

5555 Canal Road Cleveland, OH 44125 • Phone: 216/447·1335 • Fax: 216/642·7008 

NORTH 
WEST 
315" 

270 

NORTE 
WEST 
3!5" 

266 
262 

261 



Professional Service Industries, Inc. 

TESTED FOR: Hukill Chemical Corporation 

7013 Krick Road 

PROJECT: Tank Wall Thickness Measurements 

Bedford. Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks- 0"= North 

On Horizontal tanks - 0"= Top 

V314 59-14-F ·~·· 

£ 
TOP-

Nf-.... ~s 
_w UPPER 

-r• 1 
\j I 

MIDDLE 

2 LOWER 

L \ 
2. ~ 

1:7 I 
BOTIOM 

1 1,....--' 

CONE 

Note: On Vertical tanks- o• = North 

On Horizontal tanks - o• = Top 

13-15-M 
~ TOP 5,..- " 

-...,,., 
T UPPER 

1.) MIDDLE 

M - LOWER 

L .-' 
BOTIOM 

B CONE 

NORTH 

0"1360" 

265 
280 

256 
281 

289 
282 

285 
271 

NORTH 

0"1360" 

251 

248 

247 

250 

387 

OUR REPORT NO.: 138-48041-001 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" :z:zs· 

270 280 

262 269 

280 280 

278 266 

287 286 

289 285 

286 305 

284 300 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

249 258 

249 257 

253 252 

257 246 

386 379 

··Respectfully submitted, 

PROFESSIONAL SERVICE INDUSIR!ES, INC 

C. Hubbuch 

5555 Canal Road • Cleveland, OH 44125 • Phone: 216/447-1335 • Fax: 216/642-7008 

WEST 

270" 

297 
266 

303 
269 

294 
288 

292 
288 

WEST 

270" 

254 

252 

253 

248 

379 

NORT 
WEST 
315" 

NOR 
WE5 
315" 



Professional Se.yice Industries, Inc. 

TESTED FOR: Hukill Chemical CoipOration 

7013 Krick Road 

PROJECT: Tank Wall Thickness Measurements 

Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks - o• = Nor1h 

On Horizontal tanks- o•- Top 
V-414 60-14-F 

TOP 

"' :s......., E :;:>>J 
UPPER 

T I 

1-- 2.. ,/' 

lj I MIDDLE 

..... 2.. LOWER 

L' 
1._..-

f6 I BOTTOM 
::l.. ./ 

CONE 

Note: On Vertical tanks - o• = Nor1h 

On Horizontal tanks - o• = Top 

V-514 61-14-F 

TOP 
w 

sc- f ......_,oJ 

I I 
UPPER 

T 2.. 

\J I MIDDLE 
2.. 

L l l LOWER 

'B !t. BOTIOM 

CONE 

NORTH 

0"1360" 

274 
249 

269 
270 

292 
285 

289 
282 

NORTH 

0°/360° 

274 
254 

264 
253 

288 
270 

276 
286 

OUR REPORT NO.: 138-48041..001 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

277 276 
263 257 

267 276 
262 286 

298 276 
282 293 

299 289 
280 297 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

265 270 
250 256 

265 255 
252 289 

274 276 
281 298 

280 288 
276 296 

Respectfully submitted, 

PROFESSIONAL SERVICE INDUS71UES, INC. 

C. Hubbuch 

5555 Canal Road • Cleveland, OH 44125 • Phone: 216/447·1335 • Fax: 216/642·7008 

WEST 

270" 

267 
258 

244 
263 

276 
282 

299 
280 

WEST 

270" 

268 
252 

253 
256 

283 
274 

"296 
·.· 

278 

NOR! 
WES1 
315" 

NOR 
WES 
315' 



l 

Professional Service Industries, Inc. 

TESTED FOR: Hukill Chemical Corpor.Ltion 

7013 Krick Road 

Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical !Silks- 0"= North NORTH 

On Horizontal !Silks • o• = Top 

53-5.6-CL Ln 1- /e e / -;t:;-_.,.4' 0"1360" 

y.J TOP 263 

5 1'--. E: 'N 267 

T 
l uPPER 

2 
MIDDLE 

t3 I 
r- 2 

LOWER 

~ 
BOTTOM 269 

268 

- CONE 250 

Note: On Verticai!SI!ks-0"= North NORTH 

On Horizontal tanks - 0 • = Top 

V.,Sl4 62-14-F 0"1360" 

TOP 256 

w 243 

5/ EI 
-.._N 

uPPER 266 

r;;. I 260 

\j i. _.., MIDDLE 

f'-... LOWER 287 

L I 1 289 

1'--. 2.. --
~~ BOTTOM 287 

2. 304 

CONE 
. 

PROJECT: Tank Wall Thickness M=rements 

OUR REPORT NO.: 138-4804 HlOl 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

268 258 

272 258 

265 265 

266 256 

252 257 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

276 270 

242 249 

264 262 

252 258 

282 274 

284 285 

284 288 

292 298 

Respectfully submitted, 

PROFESSIONAL SERVICE INDUSTRIES, INC. 

C. Hubbuch 

WEST 

270" 

262 
261 

267 
259 

251 

WEST 

270" 

253 
243 

254 
250 

272 
281 

282 
295 

5555 Canal Road • Cleveland. OH 44125 • Phone: 216/447-1335 • Fax: 216/642·7008 

NORTE 
WEST 
315" 

NORT 
WEST 
315" 



/ r;;:u,;-;r 
·~ 

Professional Service Industries, Inc; 

TESTED FOR: Hukill Chemical Corporation 
7013 Krick Road 

PROJECT: Tank Wall Thickness Measurements 

Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks - o• =North NORTH 
On Horizontal tanks - o• = Top 
V-120 SS 56-20-CL 0'1360" 

.::t::J... TOP. srC: -:>:N 207 

'" 
T UPPER 212 

'- _. 
u MIDDLE 217 -!"\ 

LOWER 204 

r--
,..._L BOTTOM 208 

....... ~ CONE 

Note: On Vertical tanks- 0'= North NORTH 
On Horizontal tanks- 0'= Top 
!500 Cone 75-l.S-F 0"/360" 

\N TOP 170 5,/ ........_N E" 
UPPER 

T MIDDLE I ..... I -:!:> 
LOWER 

~ 
BOTTOM 146 

CONE !51 

OUR REPORT NO.: 138-4804!-00! 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST w-,sr 
45' 90' !35' 180° 225' 

202 213 

211 210 

203 210 

204 202 

205 1205 

I 
NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45' 90" 135" 180' 225' 

1!60 I 169 

142 145 

128 !30 

Respectfully submitted, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
C. Hubbuch 

5555 Canal Road • Cleveland, OH 44125 • Phone: 216/447-1335 • Fax: 216/642-7008 

WEST 

270" 

202 

208 

212 

206 

214 

WEST 

270' 

176 

!52 

117 

NORTI 
WEST 
315' 

I 

NORTE 
WEST 
315' 

I 



~·· llt!.2!J 
Professional Se~ice Industries, Inc. 

TESTED FOR: Hukill Chemical Corporation 
7013 Krick Road 

PROJECT: Tank Wall Thickness Measurements 

Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks - o• = North NORTH 
On Horizontal tanks - o• = Top 
4000 Cone 76-4-CL 0"/360" 

\N TOP 1245 
5 ...... ;: 'N 242 

I. UPPER 

T MIDDLE 

:'- l. LOWER 

I w BOTTOM 

CONE 282 
2.. 

.... 329 

I 

I 

OUR REPORT NO.: 138-48041-001 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45" go• 135" 180" 225" 

1237 I 
244 

240 223 

I 
I 

I I 
324 324 
320 340 

Respectfully submitted, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
C. Hubbuch 

I 

I 

5555 Canal Road • Cleveland, OH 44125 • Phone: 216/447-1335 • Fax: 216/642-7008 

WEST 

270" 

242 
224 

323 
324 

NOR: 
WESl 
3!5" 

I 
I 

. 



Professional Se~ice Industries, Inc. 

TESTED FOR: Hubll Chemical Corporation 

7013 Krick Road 
Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks· 0"= North NORTH 

On Horizontal tanks - o• = Top 

Vll7 55-16-CL 0"/360" 

w TOP 214 

5 E --..>J 234 

.._T l 

::l.. UPPER 233 

,u I 
248 

::l.. 

"' I 
MIDDLE 

..._ .J. 
LOWER 249 

L ,- 251 ..... :2. 

,... - a ' ..z BOTTOM 251 

~ 
248 

CONE 244 
242 

Note: On Vertical tanks -0"= North NORTH 

On Horizontal tanks - o• = Top 

52-5.6-CL W«sT !"""",; -;r....-P 0"/360" 

'¥J TOP 263 

s "-. ;:: 
-...,N 258 

L UPPER 

T MIDDLE 

,... .2.. LOWER 

:"'W 
BOTTOM 260 

257 ::l.. 

'- '- CONE - 263 

PROJECT: Tank Wall Thickness Measurements 

OUR REPORT NO.: 138-48041-001 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

221 220 

235 224 

246 236 

250 252 

258 254 

254 256 

250 247 

251 249 

250 251 

260 267 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 225" 

268 256 

265 260 

262 262 

257 257 

253 250 

Respectfully submitted, 

PROFESSIONAL SERVICE INDUSTRIES. INC 

C. Hubbuch 

WEST 

270" 

211 
223 

248 
249 

250 
244 

249 
252 

248 
252 

WEST 

270" 

270 
268 

260 
-254 

265 

5555 CanaJ Road • Cleveland, 0H 44125 • Phone: 216/447-1335 • Fax: 216/642-7008 

NORT 
WEST 
315" 

NOK 
WEs: 
315" 



I 

Professional Ser;vice Industries, Inc. 

TESTED FOR: Hultill Chemical Corporation 

7013 Krick Road 

PROJECT: Tank Wall Thickness Measun:"""'ts 

Bedford, Ohio 44146 

DATE: June 1994 

Note: On Vertical tanks - 0" = North 

On Horiz.ont.all.anlcs - a•- Top 

v..oooo-c 16~-M 

TOP 

s 'I. 1N 
UPPER 

MIDDLE 

3 . LOWER 

v BOTTOM 

CONE . 
'-

Note: On Vertical tanks - o• = North 

On Horizontall.anlcs • 0'= Top 

V-110 M 15-10-M "" 
5~ 

w -....,,., TOP 

e UPPER 
T 

\.) MIDDLE 

. 
LOWER 

l 
BOTTOM 

'B CONE 

NORTH 

o·/360• 

262 
256 

256 
252 

NORTH 

0"/360" 

l25sl 

271 

263 

272 

OUR REPORT NO.: 138-48041-001 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45' 90" 135" 180" 225" 

258 240 

266 238 

248 250 

249 252 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45' 90" 135' 180' 225" 

267 /258/ 

271 /2671 

f260J 270 

/268/ 286 

Respectfully submitted, 

PROFESSIONAL SERVJCE INDUSTRIES. INC. 

C. Hubbuch 

5555 CanaJ Road • Cleveland, OH 44125 • Phone: 216/447·1335 • Fax: 216/642·7008 

WEST 

270" 

268 
243 

240 
250 

WEST 

270' 

276 

270 

290 

290 

NORT 
WEST 
315" 

NoR· 
WES" 
315' 



'-

~;r 

·~ 
Professional Service Industries, Inc. 

TESTED FOR; HulciJl Cl!emica! Corporation 

7013 Krick Road 

Bedford, Ohio 44146 

DATE: June 1994 

Nc~ On Vertical tanks- 0"= North NORTI:I 

On Horizontal tanks - a• = Top 

V-210-M 14-10-M 0"1360" 

'W TOP . 245 

5 .- E N 240 
...... 

T 2 UPPER 

~ MIDDLE 

r- 'B LOWER 

v BOTTOM 264 

CONE 310 
313 

5555 Canal Road • Cleveland, OH 44125 

PROJEcr: Tank Wall Thickness Measurements 

OUR REPORT NO.: 138-48041-001 

NORTII EAST SOU'l'H SOU'l'H SOUTH 

EAST EAST WEST 

45" 90" 135" 180" 22S" 

251 261 

249 250 

255 265 

323 318 

311 296 

Respectfully submitted, 

PROFESSIONAL S£RVIC£ JNDUS11U£S; INC. 

C. Hubbucb. 

• Phone: 216/447-1335 • Fax: 216/642·7008 

WEST 

270" 

257 
242. 

259 

322 
325 

NORTI 
WEST 
315" 



Structural Assessment of a Hazardous Waste Storage Tank 
for Hukill Chemical Company 

4 x 3M Feed Tank System- Tanks 8-3-F thru 11-3-F 
Exhibit D-7 

Summary of Minimum Tank Wall Measurements 
Professional Service Industries, Inc. 
Report No. 138-48041-004- Dated September 22, 1995 

8-3-F 9-3-F I 0-3-F 

PSI Report Sheet [3.14] [3.12] [3.12] 

Top I 165 167 !57 
Top2 [lli] 165 !57 

Bottom I WIJ 168 158 
Bottom2 157 167 162 

Cone 227 225 238 

0 =Critical Wall Thickness 

11-3-F 

[3.13] 

illil 
160 

156 

r::::ilil 
I 2241 



TESTED FOR: Hukill Chemical Corporation 
7013 Krick Road 
Bedford, Ohio 44146 

DATE: September 22, 1995 

Note: On Vertical tanks - 0" = North NORTH 
On Horizontal tanks - 0" = Top 
10-3-F 0" /360" 

w TOP 160 

s " ...... "' 159 

t. UPPER T 
~ 

l- MIDDLE 

8 I. LOWER 

'l. BOTTOM 158 

c. 162 

-·· ··- ·-·- CONE 238 

Note: On Vertical tanks - 0" = North NORTH 

On Horizontal tanks - 0" = Top 
9-3-F 0" /360° 

"" TOP 168 

5;--.... <= -....,.N 165 

-= 
T I. 

UPPER 

.l.. MIDDLE 
....... 

' 

B l. 
LOWER 

BOTTOM 169 2. 169 

.C.. CONE 232 

PROJECT: Tank Wall Thickness Measurements 

OUR REPORT NO.: 138-48041-004 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45" 90" 135" 180" 225" 

158 158 
168 162 

170 160 
170 166 

240 239 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45° 90" 135" 180" 225° 

169 167 
166 170 

' 

170 168 
168 170 

225 232 

Respectfully submitted, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
L.Mach 

·WEST 

270" 

157 
157 

161 
165 

239 

WEST 

270° 

172 
169 

170 
167 

230 

PSI • 5555 Canal Road • Cleveland. OH 44125 • Phone 216/447·1335 • Fax 216/642-7008 

NORTH 
WEST 
315" 

NORTH 
WEST 
315° 

~.12] 



TESTED FOR: 

DATE: 

Hukill Chemical Corporation 
7013 Krick Road 
Bedford, Ohio 44146 

September 22, 1995 

Note: On Vertical tanks- 0°= North NORTH 

On Horizontal tanks - oo = Top 
11-3-F 0°/360° 

""' TOP 159 

s .... ~ 160 

\. UPPER 
T 

l. MIDDLE 

B L 
LOWER 

).. BOTTOM 156 
151 

c. 
CONE 226 

-·-· 

PROJECT: Tank Wall Thickness Measurements 

OUR REPORT NO.: 138-48041-004 

NORTH EAST SOUTH SOUTH SOUTH 

EAST EAST WEST 

45° goo 135° 180° 225° 

151 !54 
160 160 

159 164 
156 157 

225 227 

Respectfully submitted, 
PROFESSIONAL SERVICE INDUSTRIES. INC. 
L. Mach 

WEST 

270° 

156 
165 

172 
166 

224 

PSI" 5555 Canal Road~ Cleveland, OH 44125 "Phone 216/447-1335" Fax 216/642-7008 

NORTH 
WEST 
315° 



TESTED FOR: 

DATE: 

Hukill Chemical Corporation 
7013 Krick Road 
Bedford, Ohio 44146 

September 22, 1995 

Note: On Vertical tanks - o• = North NORTH 

On Horizontal tanks - o• = Top 
S-3-F o•t36o· 

'vJ TOP 169 

s " 'r~ !54 

l, UPPER T 
l. MIDDLE 1'-

B I. LOWER 

1.. BOTTOM 157 

c. 161 

CONE 227 . 

Hockmeyer Mixer NORTH 

o· t36o· 
'vJ 248 sr:_ TOP 

"" 
';l 244 ._ 

T I. UPPER 

...... 1.. MIDDLE 

B 3. LOWER 

-'-· 
BOTTOM 243 

'i· CONE 

PROJECT: Tank Wall Thickness Measu.rements 

OUR REPORT NO.: !3S-4S041-004 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45° 90° 135° 1so· 225° 

165 16S 
155 167 

165 156 
157 161 

231 237 

NORTH EAST SOUTH SOUTH SOUTH 
EAST EAST WEST 
45° 90° 135° 1so· 225° 

249 249 
247 n/a 

250 258 

254 

Respectfully submitted, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
L. Mach 
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270° 
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155 

!51 
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249 

WEST 

270° 

248 
251 

243 
-

257 

PSI G 5555 Canal Road • Cleveland. OH 44125 • Phone 216/447·1335" Fax 216/642-7008 
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SPENT TANK Ill 7 8 6 

WEST CENTER: EAST 

I 1 I 2 3 4 5 6 

. \ n 'J '-i..--___,.lfl--------~~ ll----"' 
1 1 

2 

3 

4 

NORTHEAST SOUTHEAST 

1 2 3 4 5 6 

1. .601 .594 .598 .599 .608 .612 
2. .607 .608 .612 .613 .616 .608 
3. .568 .552 .559 .539 .529 .547 
4. .581 .593 .553 .563 .575 .584 
5. .591 .598 .594 .576 .580 .586 
6. .576 .578 .576 .568 .571 .582 
7. .547 .533 .534 .525 .526 .535 

[3.1S] 



18 Mathematics 

A,= h[!(y, +Yn) +Y> +y, + · · · +y,_,] 
(Trapezoidal RJlle) 

A. = h [0-4 (y, + y,) + I.I (y, + y_,) + y, + y, + ..• + y,_.] 
(Durand's Rule) 

A, =!h[(y,+y,)+4(Y,+Yo+ ... +y-,)+2(y,+y•+ ... +y,_,)] 
(Simpson's Rule, where n is even). 

The larger the value of n., the greater is the accuracy of approximation. 

In general, for the same number of chords, As gives the most accurate, AT, 

the least accurate approximation. 

51 Cube 

V =a~; d = av3. 
Total surface = 6 az. 

52 Rectangular Parallelepiped 

V =abc; d = Va2 + b2 + c~. 
Total surface = 2 (ab +be + ca). 

--,p-:r;- 53 Prism or Cylinder 
V = (area of base) X (altitude). 
Lat£ral area = (perimeter of right 

section) X (lateral edge). 

54 Pyramid or Cone 
V = t (area of base) X (altitude). 
Lateral area of regular ·figure = 

t (perimeter of base) X (slant 
height). 

55 Frustum of Pyramid or Cone 

V =! (A1 +A,+ v'At X A2)1i, 
where A1 and A2 are areas of bases, and 
h is altitude. 

Lateral area ·of regular figure.= 
! (sum of perimeters of bases) X (slant 
height). 

FIG. 53· 

I 
I 

* 
I 
I 
I 

FIG. 54· 

FIG. SS· 

FIG. SI· 

FrG. 52. 



16 Mathematics 

43 Trapezium (no sides parallel) 
A = -! (ah1 + b~) = sum of areas of 2 triangles. 

44 Regular Polygon of n Sides { ~ :~;:.:~~~all 
P=~ I80° =~"H"radians. n n 

360° 2 'H' • 
~ = -- = -radians. n n 

FIG. 44· 

n a ' R I A 

-
3zrv'3=Rv3 •·v3 tav'3 :ta2v'3 = 3I2v3 

42r=Rv2 •• ta v'2 
= ~R: v'3 

a' =4r:=2R: 
6}r'\1'3=R •• v3 • !a' v'3 = 2I2 v3 

= !R' v3 8 2r (VZ- I) ta(VZ+r) !aV4+2v'2 2 a' (VZ +I) = 8 r' (VZ-I) 
=R v', -v'2 

~ a • a ~ na2 a. n 2rtan- -cot- -cot--esc-
2 2 2 2 2 

= 2Rsin~ 
2 

45 c· c1 {c =circumference l 
II' e a. = centml angle in radians 

C = o:rD = 211'R. 

c = Ra. = ! Da. ·= D cos-1 ~ = D ta;o,-I _!_ • 
R 2d 

4 2 

1 = 2 VR2 - d2 = 2Rsin~ = 2 dtan~ = 2 dta.n~-
2 2 D 

.h=R-d. 
c 2c d 1 . r 

a.= R = D =2cos-IR =.2 tan-12 d = 2 sm-rj). 

A(circle) = 1l'R2 = i 1rD2 = ! RC = i DC. 
A(sector) = ! Rc = ! R 2a. = t D 2a.. 

=2R2v2 
= nr2 tan~ 

2 
nR' . 

=-=· 2 

----v---

FIG. 45· 

[s] 
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Trigonometry 

32 Properties of Plane Triangles 

Notation. a., f!, y =angles; a,'.b; ~ =sides. 
A= area; hb =altitude on b; s = l (a+ b +c). 
r = radius of inscribed circle; R = radius of cir~ 

cumscribed circle. 

a. + j3 + "'t = 180° = 'If radians 
a b c 

sin!l- =smp~sin"'l. 

a+b tanH•+~) • 
a -b =tanH• ~)· 
a2 = b2 + c2 - :2 be cps. a.,* a= b cosy+ ccos f3.* 

FIG. g:z. 

bZ+c=-a2 . 2 
cosa. = b ,* sma.=-b -v's(s a)(s b)(s c).* 

2 c c 

• a. ._/(s-b)(s-c)* a. .,_/s(s-a)* sm;=v bC ' CQS;=v bC I 

-~='/(s b)(s c) =-r_.' 
2Vs(sa) s-a 

hb=csina.*=asiny*=~Vs(s a)(s b)(s c).* 
b· 

a)(s b)(s -c)= (s-a) tan~.* 
s 2 

a * abc 
R =-- =-· 2sina. 4A 

13 

A =!bho* =!absin'Y* •' sin p sin~ • . ':7::-~T:--;::=-,-
2sin• = vs(s a)(s b)(s c)-rs. 

33 Solution of the Right Triangle 

Given any two sides, or one side and any acute angle, a., to find the re-
maining parts . 

. a b aa o sma. = -, cos a.= - 1 tan a.=-, I"'= go- c. 
c c b .. 

a= :V(c + b)(c b) = csina. = btana.. 

b = v'(c +a)(c a)= ccosa. = -
3
-· -· a b ,--

c = -.- = -- = v a2 + b~. sma. cos a. 

a2 b2 tan a. · C2 sin 2 a. 
A=!ab=--=--= • 

ztana. .2 4 
FlG. 33· 

*Two more formulas may be obtained by replacing a by b, b by c, c by a, 
a. by 13, 13 by "'(, "'i by a.. 

[eo] 



18 Mathematics 

A, ~h[t(y, +Yn) +y,+y,+ - ·. +y~,J 
. _ (Trapezoidal Rllle) 

An~ h[o.4 (y, +y,) + I.I (y, +y-,) +y, +y, + · · • +y,...] 
(Durand's Rule) 

A, ~!h[(y,+y,)+4(Y,+Y•+- .. +Yn->)+2(y,+Y•+ · .. +y,...)] 

(Simpson's Rule, where n is even). 

The larger the value of n, the greater is the accuracy of approximation. 

In general, for the same number of chords, As gives the most accurate, AT, 

the least accurate approximation. 

51 Cube 

V = a3 ; d = av'J. 
Total surface = 6 a:. 

52 Rectangular Parallelepiped 

V =abc; d = v'a1 +b2 +cz. 

Total surface = 2 (ab +be + ca). 

53 Prism or Cylinder 
V = (area of base) X (altitude). 

Lateral area = (perimeter of right 

section) X (lateral edge). 

--- 54 Pyramid or Cone 
V = ! (area of base) X (altitude). 

Lateral area of regular ·figure = 
! (perimeter of base) X (slant 

height). 

55 Frustum of Pyramid or Cone 

V ~ f (A, +A,+ -v' A, X A,) h, 
where A1 and A: are areas of bases, and 

h is altitude. 
Lateral area ·of regular figure.= 

l (sum of perimeters of bases) X (slant 

height). 

FIG. 53· 

I 
I 

* 
I 
I 
I 
+ 

FIG. 54· 

Fro. ss-

FIG. 51· 

FIG. s:z. 

[1] 



1. 111 

WEIGHT OF RECTANGULAR SECTIONS 
Pounds per line(ir foot 

. 

Width Thickness, Inches 

ln. o/•a v. o/,e o/a 7/,e y, 9/,e 'Ia 1 V1fl o/, 1:l/1a 'I• 1o/1e 1 

v. 0.16 0.21 0.27 0.32 0.37 0.43 0.48 0.53 0.58 0.64 0.69 0.74 0.80 0.85 
y, 0.32 0.43 0.53 0.64 0.74 0.85 0.96 1.06 1.17 1.28 1.38 1.49 1.60 1.70 
% 0.48 0.64 0.80 0.96 1.12 1.28 1.44 1.60 1.75 1.91 2.07 2.23 2.39 2.55 

1 0.64 0.85 1.06 1.28 1.49 1.70 1.91 2.13 2.34 2.55 2.76 2.98 3.19 3.40 

1% 0.80 1.06 1.33 1.60 1.86 2.13 2.39 2.66 2.92 3.19 3.46 3.72 3.99 4.25 
1% 0.96 1.28 1.60 1.91 2.23 2.56 2.87 3.19 3.51 3.83 4.15 4.47 4.79 5.10 
w .. 1.12 1.49 1.86 2.23 2.61 2.98 3.35 3.72 4.09 4.47 4.84 5.21 5.58 5.95 
2 1.28 1.70 2.13 2.55 2.98 3.40 3.83 4.25 4.68 5.10 5.53 5.95 6.38 6.81 

2V• 1.44 1.91 2.39 2.87 3.35 3.83 4.31 4.79 5.26 5.74 6.22 6.70 7.18 7.66 
2% 1.60 2.13 2.66 3.19 3.72 4.25 4.79 5.32 5.85 6.38 6.91 7.44 7.96 8.51 
2% 1.75 2.34 2.92 3.51 4.09 4.68 5.26 5.85 6.43 7.02 7.60 8.19 8.n 9.36 
3 1.91 2.55 3.19 3.83 4.47 5.10 5.74 6.38 7.02 7.66 8.29 8.93 9.57 10.2 

3% 2.07 2.76 3.48 4.15 4.84 5.53 6.22 6.91 7.60 8.29 8.99 9.68 10.4 11.1 
3% 2.23 2.98 3.72 4.47 5.21 5.95 6.70 7.44 8.19 8.93 9.68 10.4 11.2 11.9 
3% 2.39 3.19 3.99 4.79 5.58 6.38 7.18 7.98 8.n. 9.57 10.4 11.2 12.0 12.8 
4 2.55 3.40 4.25 5.10 5.95 6.81 7.66 8.51 9.36 10.2 11.1 11.9 12.8 13.6 

41.4 2.71 3.62 4.52 5.42 6.33 7.23 8.13 9.04 9.94 10.8 11.8 12.7 13.6 14.5 
4% 2.87 3.83 4.79 5.74 6.70 7.66 8.61 9.57 10.5 11.5 12.4 13.4 14.4 15.3 
4% 3.03 4.04 5.05 6.06 7.07 8.08 9.09 10.1 11.1 12.1 13.1 14.1 15.2 16.2 
5 3.19 4.25 5.32 6.38 7.44 8.51 9.57 10.6 11.7 12.8 13.8 14.9 16.0 17.0 

5V4 3.35 4.47 5.58 6.70 7.82 8.93 10.0 11.2 12.3 13.4 14.5 15.6 16.7 17.9 
5% 3.51 4.68 5.85 7.02 8.19 9.36 10.5 11.7 12.9 14.0 15.2 16.4 17.5 18.7 
5¥4 3.67 4.89 6.11 7.34 8.56 9.78 11.0 12.2 13.5 14.7 15.9 17.1 18.3 19.6 
6 3.83 5.10 6.38 7.66 8.93 10.2 11.5 12.8 14.0 15.3 16.6 17.9 19.1 20.4 

6% 3.99 5.32 6.65 7.98 9.30 10.6 12.0 13.3 14.6 16.0 17.3 18.6 19.9 21.3 
6% 4.15 5.53 6.91 8.29 9.68 11.1 12.4 13.8 15.2 16.6 18.0 19.4 20.7 22.1 
611. 4.31 5.74 7.18 8.61 10.0 11.5 12.9 14.4 15.8 17.2 18.7 20.1 21.5 23.0 
7 4.47 5.95 7.44 8.93 10.4 11.9 13.4 14.9 16.4 17.9 19.4 20.8 22.3 23.8 

7% 4.63 6.17 7.71 9.25 10.8 12.3 13.9 15.4 17.0 18.5 20.0 21.6 23.1 24.7 
7%: 4.79 6.38 7.98 9.57 11.2 12.8 14.4 16.0 17.5 19.1 20.7 22.3 23.9 25.5 
7'/. 4.94 6.59 8.24 9.89 11.5 13.2 14.8 16.5 18.1 19.8 21.4 23.1 24.7 26.4 
8 5.10 6.81 8.51 10.2 11.9 13.6 15.3 17.0 18.7 20.4 22.1 23.8 25.5 27.2 

8% 5.42 7.23 9.04 10.8 12.7 14.5 16.3 18.1 19.9 21.7 23.5 25.3 27.1 28.9 
9 5.74 7.66 9.57 11.5 13.4 15.3 17.2 19.1 21.1 23.0 24.9 26.8 28.7 30.6 

9% 6.06 8.08 10.1 12.1 14.1 16.2 18.2 20.2 22.2 24.2 26.3 28.3 30.3 32.3 
10 6.38 8.51 10.6 12.8 14.9 17.0 19.1 21.3 23.4 25.5 27.6 29.8 31.9 34.0 

10% 6.70 8.93 11.2 13.4 15.6 17.9 20.1 22.3 24.6 26.8 29.0 31.3 33.5 35.7 
11 7.02 9.36 11.7 14.0 16.4 18.7 21.1 23.4 25.7 28.1 30.4 32.8 35.1 37.4 

11% 7.34 9.78 12.2 14.7 17.1 19.6 22.0 24.5 26.9 29.3 31.8 34.2 36.7 39.1 
12 ~ 10.2 12.8 15.3 17.9 20.4 23.0 25.5 28.1 30.6 33.2 35.7 38.3 40.8 - - - - -

AMERICAN INSTITUTE OF STEEL CoNSTR.ucnoN 



RYERSON 217 

C STAINLESS SHEETS 
304, 304L and NitronicTM 30 
Cold Rolled, Ailnealed and Pickled. -
Finishes: 28, #3 and #4 · ·-

304: ASTM A240, ASME SA240, OQS 766, MIL-S 5059, and 
AMS 5513 

304L: ASTM A240, ASME SA240, QQS 766, and AMS 5511 
Nitronic 30: ASTM A240, A666 

Sizes in Stock 

Gauge & 
Size in 
Inches 

7 .... 36 X 120 
48 X 120 
48 X 144 
60 X 120 
60 X 144 

8 . . . . 36 X 120 
48 X 120 
48 X 144 
60 X 120 
60 X 144 
72 X 120 

10 ... 36 X 96 
36 X 120 
36 X 144 
42 X 120 
48 X 96 
48 X 120 
48 X 144 
48 X 240 
60 X 96 
60 X 120 
60 X 144 
60 X 240 
72 X 120 
72 X 144 

11 ... . 36 X 96 
36 X 120 
36 X 144 
42 X 120 
48 X 96 
48 X 120 
48 X 144 
60 X 96 
60 X 120 
60 X 144 
72 X 120 
72 X 144 

Est. 
Thickness Wt. per 

in Sq. Ft. 
Inches in lbs 

.1874 . 7.871 

.1874 7.871 

.1874 7.871 

.1874 7.871 

.1874 7.871 

.1650 ... 6.930 

.1650 6.930 

.1650 6.930 

.1650 6.930 

.1650 6.930 

.1650 6.930 

.1350 .. 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1350 5.670 

.1200 .5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

.1200 5.040 

1Also stocked as SA. 

Est. 
Wt. per 
Sheet Nitronic 
in lbs 304 304l 30 

. 236.1 X .... .. 
314.8 X X .. 
377.8 X X .. 
393.6 X X 
472.3 X X 

. 207.9 X 
277.2 X X 
332.6 X 
346.5 X 
415.8 X 
415.8 X 

.. 136.1 X 
170.1 X 
204.1 X 
198.5 X 
181.4 X 
226.8 X X X 
272.2 X X 
453.6 X 
226.8 X 
283.5 X X 
340.2 X 
567.0 X 
340.2 X 
408.2 X 

.. 121.0 .. X 
151.2 X 
181.4 X 
176.4 X 
161.3 X 
201.6 X X X 
241.9 X 
201.6 X 
252.0 X X 
302.4 X 
302.4 X 
362.9 X 

(Continued) 
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BOLTS, THREADED PARTS AND RIVETS 
Shear 

Allowable load in kips 

TABLE 1-D. SHEAR 
Nominal Diameter d, in. 

4-5 

ASThl Conn-
Hole F" Load- %1¥•1%1 1 !1VsLW"/f¥a11"h 

Desig- ection 
Typeb ksi ing' Area (Based on Nominal Diameter) in. 2 

nation Type• 
.3068 .4418 .6013 .7854 .9940 1.227 1.485 1.767 

A307 STD 10.0 s 3.1 4.4 6.0 7.9 9.9 12.3 14.8 17.7 
NSL D 6.1 8.8 12.0 15.7 19.9 24.5 29.7 35.3 

STD 17.0 s 5.22 7.51 10.2 13.4 16.9 20.9 25.2 30.0 
D 10.4 15.0 20.4 26.7 33.8 41.7 50.5 60.1 

sc•. s Class ovs, 15.0 4.60 6.63 9.02 11.8 14.9 18.4 22.3 26.5 

A SSL D 9.20 13.3 18.0 23.6 29.8 36.8 44.6 53.0 

A325 
LSL 12.0 s 3.68 5.30 7.22 9.42 11.9 14.7 17.8 21.2 

D 7.36 10.6 14.4 18.8 23.9 29.4 35.6 42.4 

N STD. 21.0 s 6.4 9.3 12.6 16.5 20.9 25.8 31.2 37.1 
NSL D 12.9 18.6 25.3 33.0 41.7 51.5 62.4 74.2 

!!l X STD. 30.0 s 9.2 13.3 18.0 23.6 29.8 36.8 44.5 53.0 
0 NSL D 18.4 26.5 36.1 47.1 59.6 73.6 89.1 106.0 

"' STD 21.0 s -6.44 9.28 12.6 16.5 20.9 25.8 31.2 37.1 
D 12.9 18.6 25.3 33.0 41.7 51.5 62.4 74.2 

sc• ·avs, 18.0 s 5.52 7.95 10.8 14.1 17.9 22.1 26.7 31.8 
Class 

A SSL D 11.0 15.9 21.6 28.3 35.8 44.2 53.5 63.6 

A490 
LSL 15.0 s 4.60 6.63 9.02 11.8 14.9 18.4 22.3 26.5 

D 9.20 13.3 18.0 23.6 29.8 36.8 44.6 53.0 

N STD. 28.0 s 8.6 12.4 16.8 22.0 27.8 34.4 41.6 49.5 
NSL D 17.2 24.7 33.7 44.0 55.7 68.7 83.2 99.0 

X STD. 40.0 s 12.3 17.7 24.1 31.4 39.8 49.1 59.4 70.7 
NSL D 24.5 35.3 48.1 62.8 79.5 98.2 119.0 141.0 

A502-1 STD Pt.&' s 5.4 \#' 10.5 13.7 17.4 21.5 26.0 30.9 
• D 10.7 21.0 27.5 34.8 42.9 52.0 61.8 
j 

A502-2 
I S

TD 22.0 s 6.7 9.7 13.2 17.3 21.9 27.0 32.7 38.9 a: 
A502-3 D 13.5 19.4 26.5 34.6 43.7 54.0 65.3 n.7 

A36 N STD 9.9 s 3.0 4.4 6.0 7.8 9.8 12.1 14.71 17.5 
(F11=58 ksi) D 6.1 8.7 11.9 15.6 19.7 24.3 29.4 35.0 

X STD 12.8 s 3.9 5.7 7.7 10.1 12.7 15.7 19.0 22.6 
• D 7.9 11.3 15.4 20.1 25.4 31.4 38.0 45.2 

" • A572, Gr. 50 N I STD 11.1 s 3.4 4.9 6.7 8.7 11.0 13.6 16.5 19.6 "-

" (F"~65 ksi) D 6.8 9.8 13.3 17.4 22.1 27.2 33.0 39.2 
• 
" X I STD 14.3 s 4.4 6.3 8.6 11.2 14.2 17.5 21.2 25.3 • ~ D 8.8 12.6 17.2 22.5 28.4 35.1 42.5 50.5 

r:. A588 N STD •, 11.9 s 3.7 5.3 7.2 9.3 11.8 14.6 17.7 21.0 
(F11=70 ksi) D 7.3 10.5 14.3 18.7 23.7 29.2 35.3 42.1 

X STD 15.4 s 4.7 6.8 I 9.3 12.1 15.3 18.9 22.9 272 
D 9.4 13.6 18.5 24.2 30.6 37.8 45.7 54.4 

•sc = Slip critical connection. 
N: Bearing-type connection with threads included in .shear plane. 

X: Bearing-type connection with threads excluded from shear plane. 
bSTD: Standard round holes (d + Vis in.) OVS: Oversize round holes 

LSL: Long-slotted holes SSL: Short-slotted holes 

NSL: Long-or shorH!otted hole normal to load directlon 
(required in bearing-type connection). 

"S: Single shear 0: Double shear. 
For threaded parts of materials not listed, use Fv = 0.17F11 when threads are included in a shear 

plane, and Fv = 0.22F11 when threads are excluded from a shear plane. 
To fu!!y pretension bolts 1 Ve-in. dia. and greater, special impact wrenches may be required. 

When bearing-type connectlons used to splice tension members have a fastener pattem whose length, 

measured parallel to the line of force, exceeds 50 in., tabulated values shall be reduced by 20% •. See 

AISC ASO CDmmentary Sect. J3.4. 

AMERICAN lNsnnm: OF STEEL CONSTRUCTION 



Stmctural Assessment of a Hazardous Waste Storal!e Tank 

for Hukill Chemical Company 

7 Tank Dike System- Tanks V-114 tlm1 V-614 
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23-2 STEEL TANKS 

Since tanks must be tested with water, a specific gravity g less than 1 is not recom
mended for design purposes. 

2. Shell Design. The shell plate is made up of one or more horizontal plate 
courses of width w (usually about 8ft). Several plates may be required to make up 
each course. The vertical seams are staggered relative to the vertical seams in 
adjacent plate courses. Tank shells are cylindrical membranes designed to resist 
hoop tension (Fig.l). Plate thickness is calculated at the bottom edge of each course. 

T, = 2.60hDg 
t, = T, = 2.60hDg 

jE jE 

(3) .c-.e.:r-
(4) --

where T 11 =shell t~nsion, lb per in., at dePth h 
h = depth from top of tank, ft 
E = joint efficiency factor 
f = allowable unit stress, psi 
t~o = shell plate thickness, in. 

For welded construction, E varies from 0.35 to 1.0 depending on the type of joint 

0 

To 

+ + 

~ 
I 

FIG. 1 

h 
H 

used and the required welding-inspection proCe
dure. Lap-welded joints, where used, are baSed on 
fillet welds the full thickness of the plates joined. 
Lap welds in tank bottoms and roof plates not in 
contact with water are single-lap-welded from the 
top side only. Lap welds in roofs and shell pbtes 
in contact with water are double-lap-welded. 

The joint efficiencies specilied in Table 1 are 
based on nominal inspection of the welding. The 
owner may specify full magna.fl.1L"(ing in addition to 
nominal inspection. Only full-penetration butt
welded joints are permitted at joint efficiencies 
greater than 0.75, and the joint efficiency may 
exceed 0.85 only when rigid inspection (extended 
radiographic examination) is provided. Partial
penetration butt ,Velds are permissible only in 
tank shell joints subjected to secondary stress, 
such as horizontal seams, for which the direct 
vertical stress is usually negligible. However, 
when heavy vertical loads are supported by the 

shell, the vertical stress is considered to be a principal stress and the horizontal seams 
require full-penetration butt welding. 

Table 1. Efficiencies of Welded Joints 

Type of welded joint 

Single lap .......................... . 
Double l::~.p .......................... . 
P.:trti:ll-penetr::~.tion butt U:i min) ...... . 
Pn.rtial-penetra.tion butt (% min) ...... . 
Full-penetration butt ................ . 
Full-penetr::~.tion butt ................. . 

E 

0.35 
0.75 

.rn::::m 
1.00 
0.85 
1.00 

Rem:J.rks 

Continuous welds 
Continuous welds 
Tension joints 
Compression joints 
Tension joints 
Compression joints 

3. Bottom Plates. The .fiat bottoms in reservoirs are usually grade-supported, 
the liquid load on the top side being resisted by an equal upward founda.tion soil 
pressure. Steel bottoms usually have a minimum thickness of Ji in. The plates 
arc lap-welded to each other top side only for liquid tightness (Fig. 2). Figure 3 
shows the simple detail required for connecting the bottom to the tank shell. 

Support of relatively light shells requires no special consideration. When the 

r 1, J-1 L·· , 
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of the biaxial stresses can be determined by statics. The upward hydrostatic pres

sure on a horizontal plane at the distance h below the high-water line will be balanced 

by a system of meridional membrane stresses T: (Fig. 18). Thus 

T 
_ 'Yh.,rD'2/4 - W..., ,_ 

1rD' cos 8 

where D' = diameter of membrane at cut section 
1 = density of product stored 

The weight of the metal should be included in the determination of T 2• 

(24) 

To determine the other (latitudinal) membrane stress T 1, equilibrium of T 1 and T 2 

with the hydrostatic pressure p normal to the surface at the depth h gives 

(25) 

where R 1 = latitudinal radius 
R 2 = meridional radius 

Several points should be checked to determine maximum compressive stress. The 

computed maximum stress will determine the required roof-plate thickness. The 

curvature in the meridional direction determines the compressive buckling strength 

in the latitudinal direction, whereas the latitudinal curvature determines the compres

sive buckling strength in the meridional direction. 
Having computed T1 and T~ the neA-t step is to determine the required plate thick

ness. Allowable tensile unit stresses are governed by the tensile properties of the 

material. Allowable compressive unit stresses are governed by buckling strength, 

which can be determined by the Boardman formula for mild steels, 

' ~ 2 000 000 .:_ (! - 100 .!.) 
.Ja ' ' R 3 R 

(26) 

where t = plate thickness, in. 
R = curvature normal to direction of stress, in. 
fa =allowable compression stress, psi* (limited to 15,000 psi in current AWWA 

Specifications) 
10. Suspended Bottoms. Design of suspended bottoms formed by a surface of 

revolution is similar to that of the roof. The bottom is sectioned by a transverse 

plane, the stresses T 1 and T 2 determined, and the required plate thickness calculated. 

In hemispherical bottoms, where R1 = R2 = R, the maximum tensile stress, ·which 

occurs at the very bottom (Fig. 17), is 

T, ~ T. ~ -yHR 
- 2 

(2i) 

The stresses at the spring line are 

Tt = 'YR ---(h' R) 
2 3 

(28) 

(h' R) T, ~ -yR 2 + 3 (29) 

where R = spherical radius of bottom 
H = distance from high-water line to bottom of tank 
h' = distance from high-water line to spring line of bottom 

The stresses Tr a~d Tz in suspended conical bottoms are determined independently 

*Factor of safety = 2. 
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(Fig. 19). When the cylindrical portion is filled to a depth X above the cone-to
cylinder junction1 the stresses in the cone at any point he below the spring line are 

T' ~ - 7
- (!?. - ho tan •) (x + 2h" + !?. cot •) 

2cos8 2 3 6 
(30) 

T, ~ -'- (!?.- ho tan •) (X + ho) 
cos 8 2 

(31) 

At the spring line the stresses are 

(32) 

(33) 

where 8 = apex angle 
At the apex T2 = Tt = 0. 

Com pression stresses must also be determined 
where a compression girder is required t'o 

at the cone-to-cylinder junction, 

resist the inward pull of the cone bottom 
(Fig. 3la). The compression force C in the 
girder is 

C ~ i (x +~cot 8) D' tan 9 (34) 

Portions of cone and shell act with the 
girder. The effective width of each strip is 

assumed to be 0.78 -v'lft but not to exceed 
16l. Therefore, the effective area is the 
smaller of 

where Rq R 1 = radius of shell, cone 
tc, t 1 = thickness of shell, cone 

(35a) 

(35b) 

11. Balcony or Ring Girder. The shell 
of a column-supported tank is considered to 

HWL 

X 

T, r, 

e 

FIG. 19. Membrane forces in suspended 
bottom. 

be a circular girder uniformly loaded over 
its periphery and supported by columns, 
equally spaced on the shell circumference, 
attached directly to the tank shell. The 
supporting tower generates concentrated radial and tangential forces on the tank 
structure. These forces may be caused by sloping columns and/or the diagonal 
bracing system in the tower, and a ring girder must be provided to resist them. The 
ring girder is located at the intersection of the column's neutral axis with the tank 
shell and is usually positioned at the spring line of the suspended bottom. It also 
functions as the top strut line of the tower. A tank balcony can serve as a ring 
girder. Balconies should be wide enough to permit walking upright around the tank 
and should provide easy passage at the columns. If a balcony is not used, some form 
of ring girder must be provided. 

The force system on the balcony or ring girder of a tank having vertical columns 
consists of the shears q in the she-ll resulting from the horizontal load H at strut line 
or balcony due to wind or seismic forces, and the resisting forces in the bracing 

-
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CHAPTER B 

DESIGN REQUIREMENTS 

lbis chapter contains provisions which are common to the Specification as a 
whole. 

61. GROSS AREA 

The gross area of a member at any point shall be determined by summing the 
products of the thickness and the gross width of each element as measured nor
mal to the axis of the member. 

For angles, the gross width shall be the sum of the widths of the legs less the 
thickness. 

---~;p..... 62. · NET AREA 

The net area A. of a member is the sum of the products of the thickness and 
the net width of each element computed as follows: 

The width of a bolt or rivet hole shall be taken as Vt6 in. greater than the nomi
nal dimension of the hole. 

For a chain of holes extending across a part in any diagonal or zigzag line, the 
net width of the part shall be obtained by deducting from the gross width the 
sum of the diameters or slot dimensions as provided in Sect. J3.2, of all holes 
in the chain, and adding, for each gage space in the chain, the quantity 

where 

s = longitudinal center-to-center spacing (pitch) of any two consecutive 
holes, in. 

g = transverse center-to-center spacing (gage) between fastener gage 
lines, in. 

For angles, the gage for holes in opposite adjacent legs shall be the sum of the 
gages from the back of the angles less the thickness. 

The critical net area A. of the part is obtained from that chain which gives the 
least net width. 

In determining the net area across plug or slot welds, the weld metal shall not 
be considered as adding to the net area. 

63. EFFECTIVE NET AREA 

When the load is transmitted directly to each of the cross-sectional elements by 
connectors, the effective net area Ae- is equal to the net area An· 

AMERICAN !NSTITUT:E oF STEEL CoNSTRUCTION 



Sect. J3j BOLTS, THREADED PARTS AND RIVETS 5-75 

where, 

L, = distance from the free edge to center of the bolt, in. 
d = bolt dia., in. 

· If deformation aronnd the hole is not a design consideration and ,adequate 
spacing and edge distance is as required by Sects. J3.8 and J3.9, the-following 
equation is permitted in lieu of Equation (J3-1): · · 

FP = 1.5 F. (13-4) 

and the limit in Equation (J3-3) shall be increased to 1.5Fu. 

II. Minimum Spacing 

The distance between centers of standard, oversized or slotted fastener holes 
shall not be less than 2¥3 times the nominal diameter of the fastener• nor less 
than that required by the.following paragraph, if applicable. 

Along a line of transmitted forces, the distance between centers of holes s shall 
be not less than 3d when FP is determined by Equations (J3-1) and (13-2). Oth
erwise, the distance between centers of holes shall not be less than the follow
ing: 

a. For standard holes: 

s :s; 2P!Fut + d/2 (13-5) 

where 

P = force transmitted by one fastener to the critical connected part, 
kips 

Fu = specified minimum tensile strength of the critical connected 
part, ksi 

t = thickness of the critical connected part, in. 

b. For oversized and slotted holes, the distance required for standard 
holes in subparagraph a, (above), plus the applicable increment C1 
from Table 13.4, but the clear distance between holes shall not be less 
than one bolt diameter. 

9. Minimum Edge Distance 

The distance from the center of a standard hole to an edge of a connected part 
shall be not less than the applicable value from Table 13.5 nor the value from 
Equation (J3-6), as applicable. 

Along a line of transmitted force, in the direction of the force, the distance 
from the center of a standard hole to the edge of the connected part L, shall 
be not less than lYzd when FP is determined by Equations (13-1) or (13-2). 
Otherwise the edge distance shall be not less than 

L, :s; ZP!Fut (13-6) 

where P, Fu, tare defined in Sect. J3.8. 

*A distance of 3d is preferred. 
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Structural Assessment of a Hazardous Waste Storage Tank 
for Hukill Chemical Company 
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Table 3a. Areas and Perimeters of Bars in Sections 1 ft. Wide (Slabs) 

Areas As {or A '5) (top) sq. in.; Perimeters !.o , {bottom) in. 

Enter Uble with values of As (or A'8) and Io =77hu (V:lb; d:in.; u:psi) 

Coefficients a = 1:~ 000 x j inserted in table are for use in As = !1 or As = ~ 
Spacing 12 " ... ., " " " 

., #10 m Spacing 

2 
0.30 0.66 1. 20 1- 86 2.64 2 
4; 7 7.1 9. 4 11.8 14.2 
o. 24 0.53 o. 96 1.49 2.11 2. 88 3. 79 

. 
2-1/2 

.. 2-1/2 
3.8 5. 7 7.5 9.4 11.3 13.2 15.1 

0. 20 0.44 0. 80 1.24 1. 76 2.40 3.16 4. 00 
3 3.1 4. 7 6. 3 7.8 9.4 11.0 12.6 14. 2 

3 

3-1/2 
0.17 0.38 0. 69 l. 06 1. 51 2. 06 2. 71 3. 43 4. 36 

3-1/2 
2. 7 4. 0 5. 4 6. 7 8. 1 9. 4 10. 8 12. 2 13. 7 

0.15 0.33 0. so I 0.93 1.32 1. so 2. 37 3.00 3. 81 4. 68 4 4 2. 4 3. 5 4. 7 5.9 7.1 8. 3 9. 4 10. 6 12. 0 13.3 

4-1/2 
0.13 0. Z9 0. 53 0.83 1.17 1. 60 2.11 2. 67 3. 39 4.16 4h/2 
2.1 3.1 4.2 5. 2 6.3 7.3 8. 4 9. 5 10. 6 11.8 

0.12 0.26 0.48 0.74 1.06 1. 44 1. 90 2. 40 3. 05 3. 74 
5 

1. 9 2.8 3. 8 4.7 5. 7 " 7. 5 8. 5 9.6 10.6 5 

5-l/2 
0.11 0.24 0. 44 0.68 0.96 1.31 1. 72 2.18 2. 77 3.40 

5-l/2 
1. 7 2. 6 3. 4 4.3 5.1 6. 0 6. 9 7. 7 8.7 9. 7 

0.10 0.22 0. 40- o. 62 I 0. 88 1. 20 1. 58 2. 00 2. 54 3.12 
6 1.6 2. 4 3. 1 3.9. 4. 7 5. 5 6. 3 7.1 8. 0 8.9 6 

6-1/2 
0. 09 o. 20 0. 37 0.57 0. 81 1.U 1.46 I l. 85 2.35 2.88 

1. 4 2. 2 2. 9 3.6 4.4 5. 1 5. 8 6. 5 7.' 8.2 
6-1/2 

o. 09 0.19 0.34 0. 53 0. 75 1. 03 1. 35 1. 7l 2.18 2. 67 
7 

1.3 2. 0 2.7 3.4 4.0 4. 7 5.4 
'· 1 

6. 8 7.6 
7 

7-1/2 
0.08 0.18 0.32 0. 50 o. 70 0. 96 1.26 1. 60 2. 03 2.50 

7-1/2 
1. 3 1.9 2. 5 3.L 3. 8 4.4 5. 0 5. 7 6. 4 7.1 

0.08 0.17 0. 30 o. 47 0.66 0. 90 1.19 1. 50 1. 91 2.34 
8 8 1. 2 1.8 2. 4 2. 9 3. 5 4.1 4. 7 5. 3 6. 0 6. 6 

0. 07 0.16 0. 28 0.44 o. 62 I 0. 85 1.12 1. 41 1. 79 2.20 
8-1/2 1.1 1. 7 2. 2 2. 8 3. 3 3. 9 4.4 5. 0 5.6 6. 2 8-1/2 

0. 07 0.15 0. 27 0.41 0. 59 0. 80 I 1.05 1. 33 1. 69 2. OS 
9 1. 0 1.6 2.1 2.6= 3.1 •. ' 3. 7 4.2 4.7 5. 3 5. 9 9 

9-1/2 
0. 06 0.14 o. 25 0.39 o. 56 o. 76 1. 00 1.26 1. 60 1. 97 9-1/2 
1. 0 1. 5 2. 0 2. 5 3. 0 3.5 4.0 4.5 5. 0 5. 6 

10 0.06 0.13 0.24 0.37 0. 53 0. 72 o. 95 1. 20 1. 52 1. 87 • LO 
0.9 1.4 1.9 2. 4 2. 8 3. 3 3. 8 4.3 4. 8 5. 3 

10-1/2 o. 06 0.13 0.23 0.35 o. 50 o. 69 0. 90 1.14 I 1.45 1. 78 10-1/2 
o. 9 1.3 1.8 2.2 2. 7 3. L 3. 6 4. 0 4. 6 5. 1 

11 0.05 0.12 0.22 0.34 0.48 0. 65 o. 86 1. 09 l. 39 I 1. 70 I H 
0.9 1. 3 1.7 - 2. 2 2. 6 3. 0 3.4 3.9 4.' 4. 8 

11-l/2 0. 05 0.11 o.n 0. 32 0. 46 o. 63 0. 82 1. 04 1. 33 I 1. 63 I 11-1/2 
0. 08 1.2 1. 6 2. 0 2.5 2. 9 3. 3 3. 7 4.2 4.6 

12 
0.05 0.11 0.20 0.31 0.44. 0. 60 0. 79 1. 00 1. 27 1. 56 I 12 
0. 8 1.2 1. 6 2. 0 2.4 . 2.8 3.1 3. 5 4. 0 4.4 

13 r, a 0.18 0.29 0.41 0.55 0. 73 0. 92 1.17 1.44 13 
1.4 1. 8 2.2 2. 5 2.9 3.3 3. 7 4.L 

14 
16, 000 1.13 0.17 0.27 0.38 0. 51 0. 68 0. 86 1. 09 ·I 1. 34 14 
18, 000 1.29 1. 3 1. 7. 2. 0 2. 4 2. 7 3.0 3. 4 3.8 

15 
20, 000 1.44 0.16 0.25 0. 35 0.45 0. 63 0. 80 1. 02 1.25 15 
22, 000 1. 60 1. 3 1.6 1.9 2. 2 2. 5 2. 8 3. 2 3.5 

16 
24, 000 1. 76 0.15 0.23 0.33 0. 4S 0.59 0. 75 0.95 1.17 16 
27, 000 2. 00 1.2 1.5 1.8 2. 1 2.' 2. 7 3. 0 3.3 

17 
30, 000 2.24 0.14 0.22 0. 31 0.42 0. 56 0. 7l 0. 90 1.10 17 
33, 000 2.46 l.L 1. 4 1.7 1.9 2.2 2. 5 2. 8 3.1 

18 I¥,'!-I 0.21 o. 29 0. 40 0.53 0. 67 0. 85 1. 04 18 
1. 3 1.6 1. 8 2.1 2. 4 2. 7 3. 0 -

Table 3b. Properties of Steel Reinforcing Bars 

Nominal dimensions- round sections 

Bar designation No. 

2 3 4 5 6 7 8 9 I 10 11 I 145 I ISS 

Unit Weight 

I I 5. 3131 per ft., lb. 0.167 0. 376 0. 668 1. 043 1. 502 2. 044 2. 670 3. 400 4. 303 7. 65 13. 60 

Di:uneter 
1 0.375 I I 1. 410 1 in. 0. 250 o. sao 0.625 0. 750 0. 875 1. 000 1.128 ·1. 270 1. 693 2, 257 

Cross-sectional 

I I 1.56 \2.25 area., sq. in. o.os 0.11 0.20 0.31 0.44 0. 60 0.79 1. 00 l. 27 4. co 

Perimeter, 
11.178 3.544 1 3. 4. 430 1 in. 0. 786 1.571 1. 963 2. 356 2.749 3. 142 990 s. 32 7. 09 

I·_ 



Table 1. Coefficients (K, k, j, p) for Rectangular Sections 

,; 

I 
K k J ' K I k J ' b ... '· r-"-1 n '• . 16,000 a "' 1.13 £, "' 18,000 • = 1.29 ' 

,0097 128. .329 .890 .coso ~if 875. 137. .356 .881 
. '-N.A. j_~ J 1500 1000. 169. .387 .871 .Ol2i 158. .359 .sao .0100 

1125. 201. .415 .862. • 0146 190 • .387 .an .0121 
10.1 1250. 235. .441 .853 .0172 222. .412 .863 .0143 -I 

1500. 306. .486 .838 .0228 291. .457 ,848 .0190 

.....,6_ I 
1050. 17.3. .376 .875 .0124 162. .349 .884 .0102 w+T 3000 1200. 212. .408 • 864 .0153 199 • .380 .873 .0127 

. li·~ ' 1350. 252. .437 .854 .0184 238. .408 .864 .0153 
9.2 1500. 294. ... 3 .... .02l7 278. .434 .ass .0181 

1800. 380. .509 .830 .0286 362. .479 .840 .0240 k•--~-- j = 1-tk 
IT f9 /nfe 

1400. 249. .412 .863 .0180 234. .384 .sn .0149 

·= .k...x k K=t kj 4000 1600. 303. .444 .852 .02.22 284. .416 .841 .0185 
1800. 359. .474 .842 .0266 341. .444 .852 .0222 p 2.f, 

8.0 2000. 417. .sao .833 .0313 397. .471 .843 .0261 
O" l2.,~00x (aver. j-volue) 2400. 536. .545 .818 .0409 513. • 516 .828 .0344 

1750. 327. .437 .854 .0239 309. .408 .864 .0199 for use in A'l= l!t or A,= Nd~ 
5000 2000. 397. .470 .843 .0294 376. .441 .853 .0245 ad a 1 

2250. 468. .sao .833 .0351 .... .470 .843 .0294 
7.1 2500. 542. .526 .825 .0411 518. .497 .835 ,0345 

3000. 694. .sn .810 .0535 666. .542 .819 .0452 K k J ' 
I f 5 -,. 20,000 Ill ... ·1..44 f 5 "' 22,000 .. 1.60 '• '" 2.4,009 I• . 1. 76 1 

875. 120. .306 .898 .0067 l13. .187 .904 ,0057 107. .269 • 910 ,0049 
2500 1000. 149. .336 .888 .0084 141. .315 .895 .oon 133. ·"' • 901 .0062 

1125. 179. .362 .879 .0102 1.70. .341 .886 • 0087 161. .321 .893 • 0075 

10.1 1250. 211. .387 .871 .0121 200, .365 .878 • 0104 191. .345 .885 .0090 
1500. 277. . 431 .856 .0162 264. .408 .864 . 0139 253 • .387 .an • 0121 

1050. 152. .326 .891 .0085 144. .305 .898 . 0073 136. .287 .904 • 0063 - 3000 1200. 188. .356 .881 .0107 178. .334 .889 .0091 169. .315 .895 • 0079 

~I 226. .383 .an .OU9 214. .361 .sao .0111 204: -341 .... .0096 

9.2 1500. 2.65. :7>08 .8&4 .01.53 252. .385 .872 • 0131 240. .3&5 .878 • 0114 
1800. 346. .453 .1349 .0204 331. .429 .857 .0176 317. .408 .864 .0153 

1400. 221. .359 .sao .0126 210. .337 .888 .0107 199. .318 .894 . 0093 

4000 1600. zn. • 390 .870 .01.56 258. .3&8 .877 .0134 246 • .348 .884 .011& 
1800. 324. .419 .860 .0188 309. .396 .848 .0162 295. .375 .875 .0141 

8.0 2000. 379. .444 .852 .0222 362. .421 .860 ,0191 347. .400 .86 7 . 0167 
2400. 492. • 490 .837 .0294 472. .466 .845 .0254 454 • .444 .852 .0222 

1750. 292. .383 .872 .0168 278. .361 .880 .0144 265. .341 .886 .0124 
5000 2000. 358. .415 .862 .0208 341. .392 .869 

' 
.0178 326 • . m .876 • 0155 

2250. 426. .444 .852 .0250 4':.7. .421 .860 

I 
.0215 390. .400 .847 .0187 

7.1 2500. 496. • 470 .843 .0294 475. .447 .851 .<1254 456 • .425 .858 .0221 
3000. 641. • 516 .828 . 0387 617. .492 .836 .0335 595. .470 .843 .0294 

f, :27,000 & "'2.00 fs "'30,00U a = 2.24 f 5 :33,000 .a : 2.48 

875. 99. .247 .918 ,(,)040 92. .228 • 924 .0033 ... .211 • 930 .oozs 
2500 1000. 124. .2 72 .909 .coso us. .252 .916 .0042 108. .234 • 922 • 0036 

1125. 150. .296 .901 .0062 140. .275 • 908 .0052 132. .256 • 915 . 0()44 
10.1 1250. 178. .319 .894 .0074 16 7. .296 .901 ,0062 157 . .277 • 908 ,002 

1500. 237. .359 .880 • 0100 224. .336 .ass ,(lOS.:. 211. .315 .895 . 0072 

1050. 126. .264 • 912 .0051 117. .244 • 919 .0043 uo. .226 • 925 • 0036 
3000 1200. 157. .290 .903 .0064 147. .269 .:no ,0054 138. .251 • 916 .0046 

1350. 190. .315 .895 .0079 178. .293 .902 .0066 168. .273 • 909 .0056 
9.2 1500. 225. .338 .887 ,0094 211. .:n5 .895 .OU79 199. .295 .902 , UQ) 7 

1800. 299. .380 .873 .0127 282. .356 .881 .0107 267. .334 • 889 .0091 

140;.), 185. .293 .902 . 0076 173. .zn .909 .0063 162. .253 • 916 ,0054 
4000 1600. 230. .322 .893 .0095 215. .299 .900 .coso 203 . .279 • 907 • OC68 

1800. 277. • 348 .884 ,0116 260. .324 .892 .0097 246. .304 .899 .0083 
8.0 2000. 326. .372 .876 . 0138 308. .348 .884 .0116 291. .327 .891 • 0099 

2400. 430. .416 .861 .0185· 407. .390 .870 .0156 387. .368 .877 .0134 

1750. 247. .315 .895 ,UlU2 231. .293 .902 .0085 218. .274 • 909 ,0073 
5000 2000. 305. .345 .885 .0128 287. .321 .893 .1.1107 211 • .301 . 900 .0091 

2250. 366. .372 .876 . 0155 346. .347 .884 .Ol30 321. .326 .891 .0111 
7 .l 2500. 430. .397 .868 .01S.:. 407. .372 .876 .0155 384. .350 ,883 .0132 

3000. 564. .441 .853 .0245 537. .415 .862 .0208 5U. .392 .869 ,0178 

• Soignee<:! steel rQiio o-opt<es Ia proo1ems •nvgl.ong bending anly. 
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I - 32 

y 
k ,1, r-k, 

r~ ,_. -

T W SHAPES 
lw- I= Dimensions -

I y k 

L_l>'-~ 

Web Flange 
Oeslg- Area Depth Thickness I ;,_ Width Thickness nation A d lw 2 b, I, 

ln. 2 ln. ln. ln. ln. ln. 
W 8X67 19.7 9.00 9 0.570 'Ita Vte 8.280 BY! 0.935 1o/ta -x5B 17.1 8.75 8\\ 0.510 y, y, 8.220 BV.. 0.810 1:Yta 

x4B 14.1 8.50 8V2 0.400 o/o o/ie 8.110 8Ve 0.685 111ta 
X40 11.7 8.25 8V.. 0.360 o/o o/ta 8.070 8Ve 0.560 9ln 

Gill 110.31 8.12 8'/o 0.310 o/oo o/., 8.020 8 0.495 y, 
X31 9.13 8.00 B 0.285 o/te : V.o 7.995 B 0.435 11te 

W 8x28 8.25 8.06 B 0.285 V.o V.o 6.535 6V2 0.465 Vto 
X24 7.08 7.93 7% 0.245 y, Yo 6.495 6V2 0.400 % 

W 8X21 6.16 8.28 av~ 0.250 v. v. 5.270 51/4 0.400 o/o 
xta 5.26 8.14 8% 0.230 y, y, 5.250 sv. 0.330 v .. 

W8X15 4.44 8.11 8Va 0.245 v. v. 4.015 4 0.315 V.o 
xt3 3.84 7.99 B 0.230 v. v. 4.000 4 0.255 'I• X10 2.96 7.89 7'1a 0.170 o/., Yo 3.940 4 0.205 o/te 

W6X25 7.34 6.38 6% 0.320 o/oo V.o 6.080 8% 0.455 Yto 
~ !5.871 6.20 6'14 0.260 v. v. 6.020 6 0.365 o/o 

X15 4.43 5.99 6 0.230 v. Yo 5.990 6 0.2!0 v. 

~ (].741 6.28 sv. 0.260 v. Yo 4.030 4 0.405 % 
X12 3.55 6.03 6 0.230 v. v. 4.000 4 0.280 v. 
X 9 2.68 5.90 5% 0.170 o/., Yo 3.940 4 0.215 :Yte 

W 5X19 5.54 5.15 5Ve 0.270 v. Vo 5.030 5 0.430 'Ita 
X16 4.68 5,01 5 0.240 v. v. 5.000 5 0.360 % 

W 4X13 3.83 4.16 4Ve 0.280 v. v. 4.060 4 0.345 % 

AMERICAN INSTITUTE OF ST££1. CONSTRUCTION 

Distance 

T k k, 

ln. ln. ln. 

6Va 1%e 1Vie 
6Ve 1o/ie 'Vie 
6Va 1¥ta % 
6Ve 1Vta % 
61la 1 Vte 
6Ve 15118 9/,o 

6% 1o/ts o/ie 
6Vs % s;,a 

6% 1:Yte y, 
6% \\ 7Ae 

6% o/o y, 
6% 1Vts 7Aa 
6% % 7lts 

4\\ 1::Yta 7lte 
4\\ o/o 1!Ja 
4\\ % % 

4\\ o/o 7lto 
4\\ % % 
4\\ 81te o/o 

3'12 'o/ia 7lte 
31/2 o/o %a 

2o/• 1Via 7Ae I 
·.· 

I - 33 

W SHAPES 
Properties J

~l, ly -k~ lk 
d X -X IT 

~cu-~k 
Nom- Compact Section 
!nal Crlteria 
WI. 

F.' 
' 

d 
1,. 

f."' 
' 

per j 1!!. 14- 21, 
lb. 7si • 1 1 Ksl 

67 
58 
48 
40 
35 
31 

4.4 
5.1 -
5.9 -
7.2 -
8.1 64.4 
9.2 50.0 

15.8 
17.2 
21.3 
22.9 
26.2 
28.1 

r, 

ln. 

2.28 
2.26 
2.23 
2.21 
2.20 
2.18 

d 
A, 

1.16 
1.31 
1.53 
1.83 
2.05 
2.30 

I 

ln. 4 

272 
228 
184 
146 
127 
110 

Elasllc Properties Plastic 
Modulus 

Axis X-X · Axis Y-Y 
z, 1 z, 

S I r I I I s r 
ln.' I ln. I ln.' I ln.' ln. ln.3 I ln. 3 

60.4 
52.0 
43.3 
35.5 
31.2 
27.5 

3.72 
3.65 
3.61 
3.53 
3.51 
3.47 

88.6 
75.1 
60.9 
49.1 
42.6 
37.1 

21.4 2.12 70.2 
18.3 2.10 59.8 
15.0 2.08 49.0 
12.2 !LQi.. 39.8 
1o.6 I~ 34.7 
9.27 2.02 30.4 

32.7 
27.9 
22.9 
18.5 
16.1 
14.1 

28 I 1.0 l-l28.3l-
1

1.77
1

2.65
1 

98.0 
1

24.3 
1

3.45
1

21.7 I 6.63
1
1.62

1
27.2 

1
10.1 

24 8.1 64.1 32.4 63.0 1.76 3.05 82.8 20.9 3.42 18.3 5.63 1.61 23.2 8.57 

21 I 6.6
1

- \33.1 \60.2\1.41 
1

3.93\ 75.3 
1

18.2 
1

3.49\ 9.77\ 3.71
1
1.26\20.4 I 5.69 

18 8.0 - 35.4 52.7 1.39 4.70 61.9 15.2 3.43 7.97 3.04 1.23 17.0 4.66 

15 
13 
10 

25 
20 
15 

16 
12 
9 

19 
16 

13 

6.41-133.1 160.311.0316.41 
7.8 - 34.7 54.7 1.01 7.83 
9.6 45.8 46.4 30.7 0.99 9.77 

6.71-119.9 
8.2 62,1 23.8 

11.5 31.8 26.0 

5.0 1-124.2 
7.1 - 26.2 
9.2 50.3 34.7 

5.8 
6.9 

19.1 
- I 20.9 

54.8 

1.66 
1.64 
1.61 

1.08 
1.05 
1.03 

2.31 
2.82 
3.85 

3.85 
5.38 
6.96 

1.38 12.38 
1.37 2.78 

48.0 111.81 :l2913.41 
39.6 9.91 3.21 2.73 
30.8 7.81 3.22 2.09 

53.4 
41.4 
29.1 

32.1 
22.1 
16.4 

16.7 
13.4 
9.72 

10.2 
7.31 
5.56 

2.70 
2.66 
2.56 

2.60 
3.49 
2.47 

17.1 
13.3 
9.32 

4.43 
2.99 
2.19 

1.7010.876113.612.67 
1.37 0.843 11.4 2.15 
1.06 0.841 8.87 1.66 

5.61 1.52 18.9 
4.41 1.50 114.9 
3.11 1.46 10.8 

2.20 0.966 11.7 
1.50 0.918 8.30 
1.11 0.905 6.23 

8.56 
6.72 
4.75 

3.39 
2.32 
1.72 

26.2110.212.17 
21.3 8.51 2.13 

9.1313.6311.28111.615.53 
7.51 3.00 1.27 9.59 4.57 

5.9 I - 114.9 I - 11.10 I 2.97 I 11.3 I 5.4611.72 I 3.861 1.90 11.00 I 6.28 I 2.92 
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r-l 
-l 

, __ t 

"' 

l - 46 

y 
X 

\ 
XL 
k 

I ~7 
y z 

Size 
and k 

Thickness 
1n. ln. 

L 9x4x % 1% 
s;,& 1%~ 
y, 1 

LBxBxtVo 1% 
1 1% 
% 11/2 
'!. 1% 
% H~ 
s;,e Plio 
y, 1% 

L8X6X1 1% 
% 1% 

'I• 1~ 

% 1Va 
9/1e 1%~ 
y, 1 
1f·~ 'o/•o 

L 8X4x1 11/2 
'!. 1~ 

~/,o tv.~ 
y, 1 

L 7X4X % 11/4 
% 1Ve 
y, 1 
% 'lo 

ANGLES 

J/ 
Equal legs and unequal legs 

Properties for designing 

Weight AXIS X-X AXIS Y-Y AXIS z-z 
per Area 
Fl I s r y I s r X r Tan 

Lb. ln. 2 ln. 4 ln.3 ln. ln. ln. 4 ln. 3 ln. ln. ln. a 

26.3 7.73 64.9 11.5 2.90 3.36 8.32 2.65 1.04 0.858 .. 847 0.216 
23.8 7.00 59.1 10.4 2.91 3.33 7.63 2.41 1.04 0.834 .850 0.218 
21.3 6.25 53.2 9.34 2.92 3.31 6.92 2.17 1.05 0.810 .854 0.220 

56.9 16.7 98.0 17.5 2.42 2.41 98.0 17.5 2.42 2.41 1.56 1.000 
51.0 15.0 89.0 15.8 2.44 2.37 89.0 15.8 2.44 2.37 1.56 1.000 -45.0 13.2 79.6 14.0 2.45 2.32 79.6 14.0 2.45 2.32 1.57 1.000 
38.9 11.4 69.7 12.2 2.47 2.28 69.7 12.2 2.47 2.28 1.58 1.000 
32.7 9.61 59.4 10.3 2.49 2.23 59.4 10.3 2.49 2.23 1.58 1.000 
29.6 8.68 54.1 9.34 2.50 2.21 54.1 9.34 2.50 2.21 1.59 1.000 
26.4 7.75 48.6 8.36 2.50 2.19 48.6 8.36 2.50 2.19 1.59 1.000 

44.2 13.0 80.8 15.1 2.49 2.65 38.8 8.92 1.73 1.65 1.28 0.543 
39.1 11.5 72.3 13.4 2.51 2.61 34.9 7.94 1.74 1.61 1.28 0.547 
33.8 9.94 63.4 11.7 2.53 2.56 30.7 6.92 1.76 1.56 1.29 0.551 
28.5 8.36 54.1 9.87 2.54 2.52 26.3 5.88 1.77 1.52 1.29 0.554 
25.7 7.56 49.3 8.95 2.55 2.50 24.0 5.34 1.78 1.50 1.30 0.556 
23.0 6.75 44.3 8.02 2.56 2.47 21.7 4.79 1.79 1.47 1.30 0.558 
20.2 5.93 39.2 7.07 2.57 2.45 19.3 4.23 1.80 1.45 1.31 0.560 

37.4 11.0 69.6 14.1 2.52 3.05 11.6 3.94 1.03 1.05 0.846 0.247 
28.7 8.44 54.9 10.9 2.55 2.95 9.36 3.07 1.05 0.953 0.852 0.258 
21.9 6.43 42.8 8.35 2.58 2.88 7.43 2.38 1.07 0.882 0.861 0.265 
19.6 5.75 38.5 7.49 2.59 2.86 6.74 2.15 1.08 0.859 0.865 0.267 

26.2 7.69 37.8 8.42 2.22 2.51 9.05 3.03 1.09 1.01 0.860 0.324 
22.1 6.48 32.4 7.14 2.24 2.46 7.84 2.58 1.10 0.963 0.865 0.329 ""1>-' 
17.9 5.25 26.7 5.81 2.25 2.42 6.53 2.12 1.11 0.917 0.872 0.335 
13.6 3.98 20.6 4.44 2.27 2.37 5.10 1.63 1.13 0.870 0.880 0.340 

AMERICAN INSTITUTE OF STEEl. CONSTRUCTION 

I - 47 

y 
X 

ANGLES \ 
' 

Equal legs and tm.ecjual legs X . 
J/ Properties for designing .1. k+- JA, 

y z 

Size Weight AXIS X-X • AXIS Y-Y AXIS Z-Z 
and k per Area 

Thickness fl I s r y I s r X r Tan 
ln. ln. Lb. ln. 2 ln." ln.3 ln. ln. ln." ln. 3 ln. ln. ln. a 

L 6x6 x1 1V2 37.4 11.0 35.5 8.57 1.80 1.86 35.5 8.57 1.80 1.86 1.17 1.000 
% 1% 33.1 9.73 31.9 7.63 1.81 1.82 31.9 7.63 1.81 1.82 1.17 1.000 

'I• 1V4 28.7 8.44 28.2 6.66 1.83 1.78 28.2 6.66 1.83 1.78 1.17 1.000 
· 5/a 1Va 24.2 7.11 24.2 5.66 1.84 1.73 24.2 5.66 1.84 1.73 1.18 1.000 
. e;,a 1%t 21.9 6.43 22.1 5.14 1.85 1.71 22.1 5.14 1.85 1.71 1.18 1.000 

G: 1 ps.61 llliJ 19.9 4.61 1.86 1.68 19.9 4.61 1.86 1.68 lill:l 1.000 
7!Ja 'o/•a 17.2 5.06 17.7 4.08 1.87 1.66 17.7 4.08 1.87 1.66 1.19 1.000 -
% % 14.9 4.36 15.4 3.53 1.88 1.64 15.4 3.53 1.88 1.64 1.19 1.000 
s;,a 1o/1o 12.4 3.65 13.0 2.97 1.89 1.62 13.0 2.97 1.89 1.62 1.20 1.000 

. 

l6x4 x % 1% 27.2 7.98 27.7 7.15 1.86 2.12 9.75 3.39 1.11 1.12 0.857 0.421 
% tv~ 23.6 6.94 2(5 6.25 1.88 2.08 8.68 2.97 1.12 1.08 0.860 0.428 
% 1Vo 20.0 5.86 21.1 5.31 1.90 2.03 7.52 2.54 1.13 1.03 0.864 0.435 
9/18 1 'llo 18.1 5.31 19.3 4.83 1.90 2.01 6.91 2.31 1.14 1.01 0.866 0.438 
V2 1 16.2 4.75 17.4 4.33 1,91 1.99 8.27 2.08 1.15 0.987 0.870 0.440 
7/,o 15j18 14.3 4.18 15.5 3.83 1.92 1.96 5.60 1.85 1.16 0.964 0.873 0.443 
% 'lo 12.3 3.61 13.5 3.32 1.93 1.94 4.90 1.60 1.17 0.941 0.877 0.446 
¥1e 1o/19 10.3 3.03 11.4 2.79 1.94 1.92 4.18 1.35 1.17 0.918 0.882 0.448 

L 6x3%x v~ 1 15.3 4.50 16.6 4.24 1.92 2.08 4.25 1.59 0.972 0.833 0.759 0.344 

% % 11.7 3.42 12.9 3.24 1.94 2.04 3.34 1.23 0.988 0.787 0.767 0,350 
v,, 1o/te 9.8 2.87 10.9 2.73 1.95 2.01 2.85 1.04 0.996 0.763 0.772 0.352 

L 5x5 X % 1% 27.2 7.98 17.8 5.17 1.49 1.57 17.8 5.17 1.49 1.57 0.973 1.000 
'!. 11/~ 23.6 6.94 15.7 4.53 1.51 1.52 15.7 4.53 1.51 1.52 0.975 1.000 
% 1Va 20.0 

~ 
13.6 3.86 1.52 1.48 13.6 3.86 1.52 1.48 ~ 1.000 

l1!.i 1 It IT! 5 11.3 3.16 1.54 1.43 11.3 3.16 1.54 1.43 &Jlli:!, 1.000 
7/,o t5j16 14.3 4.18 10.0 2.79 1.55 1.41 10.0 2.79 1.55 1.41 0.986 1.000 -
% % 12.3 3.61 8.74 2.42 1.56 1.39 8.74 2.42 1.56 1.39 0.990 1.000 
5f16 1o/ta 10.3 3.03 7.42 2.04 1.57 1.37 7.42 2.04 1.57 1.37 0.994 1.000 

L. 
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~I 
L_j 

lN 

I · 48 

y 
X 

\ 
X 

4~- 1\ 

~. y z 

Size 
and k 

Thickness 

ln. ln. 

L5x3Vzx % 1V.. 
% 1Ya 
% 1 
'l'!o t5j, 6 

% % 
v .. IJftG 

v. o/, 

l5X3 ·x% I 1 

'h 1 
7f,o 1o/to 
% 'lo 
s;,o 1¥to 
v. o/, 

~X~ 1Ye 
% 1 
y, 'lo 
1/,e ta;10 

® "' ill 11/,a 

• 'lo 

L 4x3v2x v~ 15Ae 
7/ia % 
% 1311o 
s;,e o/, 
v. •v,e 

ANGLES 

1/ 
Equal legs and unequal legs 

Properties for designing 

Weight AXIS X·X AXIS Y·Y per Area 
Ft I 5 r y I 5 r 
lb. ln. 2 ln. 4 ln. 3 ln. ln. ln.~ ln. 3 ln. 

19.6 5.81 13.9 4.28 1.55 1.75 5.55 2.22 0.977 
16.8 4.92 12.0 3.65 \.56 1.70 4.83 1.90 0.991 
13.6 4.00 9.99 2.99 1.58 1.66 4.05 1.56 1.01 
12.0 3.53 8.90 2.64 1.59 1.63 3.63 1.39 1.01 
10.4 3.05 7.76 2.29 1.60 1.61 3.16 1.21 1.02 
8.7 2.56 6.60 1.94 1.61 1.59 2.72 1.02 1.03 
7.0 2.06 5.39 1.57 1.62 1.56 2.23 0.630 1.04 

' 
15.7 4.61 11.4 3.55 1.57 1.60 3.06 1.39 0.615 
12.6 3.75 9.45 2.91 1.59 1.75 2.56 1.15 0.629 
11.3 3.31 8.43 2.58 1.60 1.73 2.32 1.02 0.637 
9.8 2.66 7.37 2.24 1.61 1.70 2.04 0.866 0.645 
6.2 2.40 6.26 1.69 1.61 1.66 1.75 0.753 0.653 
6.6 1.94 5.11 1.53 1.62 1.66 1.44 0.614 0.861 

18.5 5.44 7.67 2.61 1.19 1.27 7.67 2.61 1.19 

I!ITI l!lli 6.66 2.40 1.20 1.23 6.66 2.40 1.20 
12.6 3.75 5.56 1.97 1.22 1.16 5.56 1.97 1.22 
11.3 3.31 4.97 1.75 1.23 t. 16 4.97 1.75 1.23 

1m 2.86 4.38 1.52 1.23 1.14 4.36 1.52 1.23 
6.2 2.40 . 3.71 1.29 1.24 1.12 3.71 1.29 1.24 

IIt1 1.94 3.04 1.05 1.25 1.09 3.04 1.05 1.25 

11.9 3.50 5.32 1.94 1.23 1.25 3.79 1.52 1.04 
10.6 3.09 4.76 1.72 1.24 1.23 3.40 1.35 1.05 
9.1 2.67 4.16 1.49 1.25 1.21 2.95 1.17 1.06 
7.7 2.25 3.56 1.26 1.26 1.16 2.55 0.994 1.07 
6.2 1.61 2.91 1.03 1.27 1.16 2.09 0.806 1.07 

I 
-
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AXIS Z·Z Size 
and k 

X r Tan Thickness 

ln. ln. a ln. ln. 

0.996 0.748 0.464 l4 X3 X % 'o/,o 
0.951 0.751 0.472 - 7f1e 1fa 
0.906 0.755 0.479 o/o 1o/16 

0.683 0.756 0.462 y,. % 
0.661 0.762 0.466 v. 1V1o 

0.636 0.766 0.469 
0.614 0.770 0.492 l3%X31f2X 1/2 % 

7fie t:Y,e 

0.796 0.644 0.349 'fo 'I• 
0.750 0.648 0.357 '(,. 1V1e 
·0.727 0.651 0.361 v. o/o 
0.704 0.654 0.364 
0.681 0.658 0.366 L 3Y2X3 X % 'o/1& 
0.657 0.653 0.371 7/u1 % 

'fo '3f,o 
1.27 

~ 
1.000 

1.23 9 1.000 
v .. o/. 
'I• 11f1o 

1.16 0.762 1.000 
1.16 0.765 1.000 L 3%X2VzX 'h 1o/to 

1.14 0.788 1.000 7/,s % 
t. 12 0.791 1.000 'fo 'o/'o 
1.09 0.795 1.000 v .. % 

'I• "11e 
\.00 0.722 0.750 
0.976 0.724 0.753 L .L2:!. x v2 13/1a 

0.955 0.727 0.755 1Aa 'I• 
0.932 0.730 0.757 % 1V1a 

0.909 0.734 0.759 'l'l % 

lli i!Je 
3/,e y, 

1 - 49 

y 
X 

ANGLES z, 
Equal legs and unettDal legs 

X I X 
Properties for designing y 

k 
t .v..z 

y 

Weight AXIS X·X AXIS Y·Y AXIS Z-Z 
per Area 
Ft I 5 r y .I 5 r X r Tan 
lb. Jn.2 ln.'' ln.3 ln. ln. ln.~ ln. 3 ln. ln. ln. a 

11.1 3.25 5.05 1.89 1.25 1.33 2.42 1.12 0.864 0.827 0.639 0.543 

9.6 2.87 4.52 1.68 1.25 1.30 2.16 0.992 0.671 0.604 0.641 0.547 
6.5 2.46 3.96 1.46 1.26 1.28 \.92 0.666 0.679 0.762 0.644 0.551 

7.2 2.09 3.36 1.23 1.27 1.26 1.65 0.734 0.667 0.759 0.647 0.554 
5.6 1.69 2.77 1.00 1.28 1.24 1.36 0.599 0.696 0.736 0.651 0.558 

11.1 3.25 3.64 1.49 1.06 1.06 3.64 1.49 1.06 \.06 0.683 1.000 

9.8 2.67 3.26 1.32 1.07 1.04 3.26 1.32 1.07 1.04 0.664 1.000 

8.5 2.46 2.67 1.15 1.07 1.01 2.67 1.15 1.07 1.01 0.667 1.000 

7.2 2.09 2.45 0.976 1.06 0.990 2.45 0.976 1.08 0.990 0.690 1.000 

5.8 1.69 2.01 0.794 1.09 0.968 2.01 0.794 1.09 0.966 0.694 1.000 

10.2 3.00 3.45 1.45 1.07 1.13 2.33 1.10 0.661 0.675 0.621 0.714 

9.1 2.65 3.10 1.29 1.08 1.10 2.09 0.975 0.889 0.853 0.622 0.718 

7.9 2.30 2.72 1.13 1.09 1.08 1.65 0.651 0.897 0.630 0.625 0.721 
6.6 1.93 2.33 0.954 1.10 1.06 1.56 0.722 0.905 0.808 0.627 0.724 

5.4 1.56 1.91 0.776 1.11 1.04 1.30 0.569 0.914 0.765 0.631 0.727 

9.4 2.75 3.24 1.41 1.09 1.20 1.36 0.760 0.704 0.705 0.534 0.486 

6.3 2.43 2.91 1.26 1.09 1.18 1.23 0.677 0.711 0.682 0.535 0.491 

7.2 2.11 2.56 1.09 1.10 1.16 1.09 0.592 0.719 0.660 0.537 0.496 

6.1 1.76 2.19 0.927 1.11 1.14 0.939 0.504 0.727 0.637 0.540 0.501 
4.9 1.44 1.60 0.755 1.12 1.11 0.777 0.412 0.735 0.614 0.544 0.506 

9.4 2.75 2.22. 1.07 0.898 0.932 2.22 1.07 0.696 0.932 0.564 1.000 

8.3 2.43 1.99 0.954 0.905 0.910 1.99 0.954 0.905 0.910 0.565 1.000 
7.2 2.11 1.76 0.833 0.913 0.668 1.76 0.633 0.913 0.666 0.567 1.000 

till 1.76 1.51 0.707 0.922 0.665 1.51 0.707 0.922 0.665 0.589 1.000 

9 1.44 1.24 0.577 0.930 0.642 1.24 0.577 0.930 0.642 I~ 1.000 

3.71 1.09 0.962 0.441 0.939 0.820 0.962 0.441 0.939 0.620 0.595 1.000 -
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Thickness 

ln. ln. 

l3 x2V2x % % 
7/1s 13/,& 

% 'I• 
S/16 11/16 

v~ % 
y,. DfiG 

L 3 x2 x % '¥•e 
711s % 
3/B 1Y1s 
5/1o % 
V.. e;,& 
lf\6 y, 

l 2V2x2 1/zX Vz ll/16 

% •v.o 
o/,e % 
v.. 9!,6 

¥,& v, 

l21/2X2 X% 1V1e 
o/,. % 
v~ v.s 
3/,6 y, 

l~x% % 
s;,a ~A a 

~ y, 
3/1e 1/ie 
Ve % 

-

'------ ... -----

! )1 

Weight 
per 
Ft 

lb. 

8.5 
7.6 
6.6 
5.6 
4.5 
3.39 

7.7 
6.8 
5.9 
5.0 
4.1 
3.07 

7.7 
5.9 
5.0 
4.1 
3.07 

5.3 
4.5 
3.62 
2.75 

4.7 
3.92 

13.191 
2.44 
1.65 

ANGLES 

X 
Equal legs and unequal legs 

Properties for designing 

Area 
AXIS X-X AXIS Y-Y AXIS Z-Z 

I s r y I s r X r Tan 
ln. 2 ln.4 ln.3 ln. ln. ln. 4 ln. 3 ln. ln. ln. a 

2.50 2.08 1.04 0.913 1.00 1.30 0.744 0.722 0.750 0.520 0.667 
2.21 1.88 0.928 0.920 0.978 1.18 0.664 0.729 0.728 0.521 0.672 
1.92 1.68 0.810 0.928 0.956 1.04 0.581 0.736 0.706 0.522 0.676 

1.62 1.42 0.688 0.937 0.933 0.898 0.494 0.744 0.683 0.525 0.680 
1.31 1.17 0.561 0.945 0.911 0.743 0.404 0.753 0.661 0.528 0.684 
0.996 0.907 0.430 0.954 0,888 0.577 0.310 0.761 0.638 0.533 0.688 

2.25 1.92 1.00 0.924 1.08 0.672 0.474 0.546 0.583 0.428 0.414 
2.00 1.73 0.894 0.932 1.06 0.609 0.424 0.553 0.561 0.429 0.421 
1.73 1.53 0.781 0.940 1.04 0.543 0.371 0.559 0.539 0.430 0.428 
1.46 1.32 0.664 0.948 1.02 0.470 0.317 0.567 0.516 0.432 0.435 
1.19 1.09 0.542 0.957 0.993 0.392 0.260 0.574 0.493 0.435 0.440 
0.902 0.842 0.415 0.966 0.970 0.307 0.200 0.583 0.470 0.439 0.446 

2.25 1.23 0.724 0.739 0.806 1.23 0.724 0.739 0.806 0.487 1.000 
1.73 0.984 0.566 0.753 0.762 0.984 0.566 0.753 0.762 0.487 1.000 
1.46 0.849 0.482 0.761 0.740 0.849 0.482 0.761 0.740 0.489 1.000 

1.19 0.703 0.394 0.769 0.717 0.703 0.394 0.769 0.717 0.491 1.000 
0.902 0.547 0.303 0.778 0.694 0.547 0.303 0.778 0.694 0.495 1.000 

1.55 0.912 0.547 0.768 0.831 0.514 0.363 0.577 0.581 0.420 0.614 
1.31 0.788 0.466 0.776 0.809 0.446 0.310 0.584 0.559 0.422 0.620 
1.06 0.654 0.381 0.784 0.787 0.372 0.254 0.592 0.537 0.424 0.626 

0.609 0.509 0.293 0.793 0.764 0.291 0.196 0.600 0.514 0.427 0.631 

1.36 0.479 0.351 0.594 0.636 0.479 0.351 0.594 0.636 0.389 1.000 

1.15 0.416 0.300 0.601 0.614 0.416 0.300 0.601 0.614 0.390 1.000 

0.936 0.348 0.247 0.609 0.592 0.348 0.247 0.609 0.592 0.391 1.000 
0.715 0.272 0.190 0.617 0.569 0.272 0.190 0.617 0.569 0,394 1.000 

0.484 0.190 0.131 0.626 0.546 0.190 0.131 0.626 0.546 0.398 1.000 

-

-. 
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Table C-36 
Allowable Stress 

For Compression Members of 36-ksi Specified Yield Stress Steel8 

Kl F, /(/ F, /(/ F, Kl F, K/ F, 
- - - -
r (ksi) r (ksi) r (ksi) r (ksi) r (ksi) 

1 21.56 41 19.11 81 15.24 121 10.14 161 5.76 

2 21.52 42 19.03 82 15.13 122 9.99 162 5.69 
3 21.48 43 18.95 83 15.02 j123 9 §51 163 5.62 
4 21.44 44 18.86 84 14.90 124 9.70 184 5.55 

·5 21.39 45 18.78 85 14.79 125 9.55 165 5.49 

6 21.35 46 18.70 86 14.67 126 9.41 166 5.42 
7 21.30 47 18.61 87 14.56 !127 9.26J 167 5.35 

8 21.25 148 18.631 88 14.44 128 9.11 168 5.29 

9 21.21 49 18.44 89 14.32 129 8.97 169 5.23 

10 21.16 50 18.35 90 14.20 130 8.84 170 5.17 

11 21.10 51 18.26 91 14.09 131 8.70 171 5.11 

12 21.05 52 18.17 92 13.97 132 8.57 172 5.05 

j13 21.00 I 53 18.08 93 13.84 133 8.44 173 4.99 

14 20.95 54 17.99 94 13.72 134 8.32 174 4.93 

15 20.89 55 17.90 95 13.60 135 8.19 175 4.88 

16 20.83 56 17.81 96 13.48 !136 8.071 176 4.82 

17 20.78 57 17.71 97 13.35 137 7.96 177 4.77 

18 20.72 58 17.62 98 13.23 138 7.84 178 4.71 

19 . 20.S6 59 
- 17.53 99 13.10 139 7.73 179 4.66 

20 20.60 60 17.43 100 12.98 140 7.62 180 4.61 

21 20.54 61 17.33 101 12.85 141 7.51 181 4.56 

22 20.48 62 17.24 102 12.72 142 7.41 182 4.51 

23 20.41 63 17.14 103 12.59 143 7.30 183 4.46 

24 20.35 64 17.04 104 12.47 144 7.20 184 4.41 

25 20.28 65 16.94 105 12.33 145 7.10 185 4.36 

26 20.22 66 16.84 106 12.20 -146 7.01 186 4.32 

27 20.15 67 16.74 1107 1 <:-Q7 I 147 6.91 187 4.27 

28 20.08 Iss 16 641 108 11.94 148 6.82 188 4.23 

29 20.01 §~ J6.5~ 109 11.81 149 6.73 189 4.18 

30 19.94 j?o 16.431 110 11.67 150 6.64 190 4.14 

131 19.871 71 16.33 111 11.54 151 6.55 191 4.09 

32 19.80 72 16.22 112 11.40 152 6.46 192 4.05 

33 19.73 73 16.12 113 11.26 153 6.38 193 4.01 

34 19.65 /74 16.011 114 11.13 154 6.30 194 3.97 

35 19.58 75 15.90 115 10.99 155 6.22 195 3.93 

36 19.50 76 15.79 116 10.85 156 6.14 196 3.89 

37 19.42 77 15.69 117 10.71 157 6.06 197 3.85 

38 19.35 78 15.58 118 10.57 158 5.98 198 3.81 

39 19.27 79 15.47 119 10.43 159 5.91 199 3.77 

40 19.19 80 15.36 120 10.28 160 5.83 200 3.73 

8 When element width-to-thickness ratio exceeds noncompact section limits of Sect. 85.1, 
see Appendix 85. 
Note: C0 = 126.1 ' 
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BOLTS, THREADED PARTS AND RIVETS 
Tension 

Allowable loads in kips 

TABLE 1-A. BOLTS AND RIVETS 
Tension on gross (nominal) area 

Nominal Diameter d, ln. 

ASTM F, % % 7/s 1 I 1Ys I 1V. 1% 

Designation Ksi Area (Based on Nominal Diameter), ln.2 

0.3068 0.4418 0.6013 0.7854 0.9940 1.227 1.485 

A307 bolts 20.0 6.1 8.8 12.0 15.7 19.9 24.5 29.7 

A325 bolts 44.0 13.5 19.4 26.5 34.6 43.7 54.0 65.3 

A490 bolts 54.0 16.6 23.9 32.5 42.4 53.7 66.3 80.2 

A502-1 rivets 23.0 7.1 10.2 13.8 18.1 22.9 28.2 34.2 

A502-2,3 rivets 29.0 8.9 12.8 17.4 22.8 28.8 35.6 43.1 

4-3 

1'12 

1.767 

35.3 

77.7 

95.4 

40.6 

51.2 

The above table lists ASTM specified materials that generally are intended for use as struc-
tural fasteners. 
For dynamic and fatigue loading, only A325 or A490 high-strength bolts should be specified. 
See AISC Specification. Appendix K4. 
For allowable combined shear and tension loads, see AISC ASD Specification Sects. J3.5 
and J3.6. 

TABLE 1-B. THREADED FASTENERS 
Tension on gross (nominal) area 

Nominal Diameter d, ln. 

ASTM Fy F" F, % % 7/s 1 1Ys 1V4 13fs 1'12 

Designation Ksi ksi ksi Area (Based on Nominal Diameter), ln.2 

0.3068 0.4418 0.6013 0.7854 0.9940 1.227 1.485 1.767 

A36 36 58 19.1 5.9 L a.4' 11.5 j15.0 1 19.0 23.4 28.4 33.7 

A572, Gr. 50 50 65 21.5 6.6 9.5 12.9 16.9 21.4 26.4 31.9 38.0 

A588 50 70 23.1 7.1 10.2 13.9 18.1 23.0 28.3 34.3 40.8 

A449 
d:Sl 92 120 39.6 12.1 17.5 23.8 31.1 - - - -
1<d:.i1% 81 105 34.7 - - - - 34.5 42.6 51.5 61.3 

The above table lists ASTM specified materials available in round bar stock that are generally 
intended for use in threaded applications such as tie rods, cross bracing and similar uses. 
The tensile capacity of the threaded portion of an upset rod shall be larger than the body area 
times 0.6Fy. 
Fu = specified minimum tensile strength of the fastener material. 
Fr = 0.33Fu = allowable tensile stress in threaded fastener. 
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CHAPTER E 

COLUMNS AND OTHER 
COMPRESSION MEMBERS 

This section applies to prismatic members with compact and noncompact sections 

subject to wal compression through the centroidal axis. For members with slender 

elements, see Appendix B5.2. For members subject to combined wal compression 

and ·flexure, see Chap. H. For tapered members, see Appendix F7. 

E1. EFFECTIVE LENGTH AND SLENDERNESS RATIO 

The effective-length factor K shall be determined in accordance with Sect. C2. 

In determining the slenderness ratio of an wally loaded compression member, 

the length shall be taken as its effective length Kl and r as the corresponding 

radius of gyration. For limiting slenderness ratios, see Sect. B7. 

E2. ALLOWABLE STRESS 

On the gross section of wally loaded compression members whose cross sec

tions meet the provisions ofTableB5.1, when Kl/r, the largest effective slender

ness ratio of any unbraced segment is less than Cc, the allowable stress is: 

where 

[
1 - (KI/r)2] F 

2C} Y 

F. = 5 3(Kllr) (Kllr)' 
-+-------
3 8Cc 8C/ 

c = /WE 
c YF':-y 

(E2-1) 

On the gross section of wally loaded compression members, when Klfr ex

ceeds Cc, the allowable stress is: 

12-rr2E 
F. = 23(KI/r)2 (E2-2) 

E3. FLEXURAL-TORSIONAL BUCKLING 

Singly symmetric and unsymmetric columns, such as angles or tee-shaped col

umns, and doubly symmetric columns such as cruciform or built-up columns 

with very thin walls, may require consideration of flexural-torsional and tor

sional buckling. 

AMERICAN !NSTlTUI'E OF STEEL CoNSTRucnos 
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Sect. C-C2] FRAME STABILITY 5-135 

the top of the column. On the other hand, the restraining influence of founda

tions, even where these footings are designed only for vertical load, can be 

very substantial in the case of fiat-ended column base details with ordinary an

chOrage (Stang and Jaffe, 1948). For this condition, a design K-value of 1.5 

wonld generally be conservative in Case f. 

While in some cases the existence of masonry walls provides enough lateral 

suP.port for their building frames to control lateral deflection, the increasing 

use of light .curtain wall construction and wide column spacing for high-rise 

structures not provided with a positive system of diagonal bracing can create 

a situation where only the bending stiffness of the frame itself provides this 

support. 

Buckled.shape of column 
is shown by dashed line 

Theoretical K value 

Recommended design 
value when ideal CQndi~ 
tions are approximated 

End condition code 

. Kl 

Table C-C2.1 

(a) 

I 
"I" 

' ' ( 

' ' ' ' ' ' ' 
mf 
0.5 

0 65 

4'"' 

v 
wp 
y 

-··t 
' I 
I 
I 

pi 
I 

(b) (c) (d) (e) (f) 

"'<;!'?" ~~ r!; 7 j I .L 
9 '•" 

' ' ' ( ' ( 

' ' ( ' ' ' ' ( ' ' ' ' I I 

' ( ' I ' ' ' I I 

' ( I I ' 
' ' ' 

I I 
\ ( ' I ' + ( 

' ( 
( 

( 

y ' ' 

I m( t mt 
0.7 1[]] !DJ 2.0 II2J 

0.80 1.2 1.0 2.10 2.0 

Rotation fixed and translation fixed 

Rotation free and translation fixed 

Rotation fixed and translation free 

Rotati<m free and translation free 

1' 

Figure C·C2.1 
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STRESSES IN CYLINDRICAL SHELL 

Uniform intern'al or external pressure induces in the longitudinal seam a unit stress 
two times larger than in the circumferential seam because of the geometry of the 
cylinder. 

A vessel under external pressure, when other forces (wind, earthquake, etc.) are not 
factors, must be designed to resist the circumferential buckling only. The Code 
provides the method of design to meet this requirement. When other loadings are 
present, th~se combined loadings may govern and heavier plate will be required 
than the plate which was satisfactory to resist the circumferential buckling only. 

The formulas below give the compression stress due to external pressure and ten-
sian stress due to internal pressure. 

Hl' 
FORMULAS 

CIRCUMFERENTIAL LONGITUDINAL 
JOINT JOINT 

PD PD 
SJ = 4t S2 = 2t _._ 

> .....,.... 

I NOTATION 

I 
D = Mean diameter of vessel, inches 

Sz p = Internal or external pressure, psi 

'f Si = Longitudinal stress, psi 

s~i ! 
S2 = Circumferential (hoop) stress, psi 
t = Thickness of shell, corrosion allowance 

T excluded, inches 

EXAMPLE 

Given D = 96 inches PD 15 X 96 
p = 15 psi Sl . - 4t = 4 X 0.25 = 1440 psi 

t = 0.25 inches 

PD 15 X 96 
S2 = -- = = 2880 psi 

2t 2 X 0.25 

[t9] 



18 

INTERNAL PRESSURE 
FORMULAS IN TERMS OF INSIDE DIMENSIONS 

p = DESIGN PRESSURE OR MAX. ALLOWABLE WORKING PRESSURE PSI. 

s = STRESS VALUE OF MATERIAL PSI. PAGE 126 
E = JOINT EFFICIENCY, PAGE 112 
R = INSIDE RADIUS, INCHES 
D = INSIDE DIAMETER, INCHES 
a = ONE HALF OF THE INCLUDED (AP.EX) ANGLE, DEGREES 
L = INSIDE RADIUS OF DISH, INCHES 

' = INSIDE KNUCKLE RADIUS, INCHES 

' = WALL THICKNESS, INCHES 
CA. = CORROSION ALLOWANCE, INCHES 

D CONE AND CONICAL SECTION 

I 

I PD p: 2 SE t cosa. 
t = 

4~~~ 
2 cos a (SE - 0.6P) D + 1.21 cos a 

t I. The half apex angle, 0: not greater than 30° 

E ASME FLANGED AND DISHED HEAD 
(TORISPHERICAL HEAD) 

When 1 /r = 16 2/3 

1 
~-- ;-~,, 0.885 PL p: SEt 

~I!Y!/1/m~ t:SE-0.\P 0.885 L + 0.1 t 

fj L· 
0 When lfr less than 16 '13 

\ 

PLM 2 SEt 
1 = 2SE-0.2P P: LM+0.2t 

VALUES Of FACTOR "M:' 

L f, 
I.OO 1.50 2.00 2.50 3.00 3.50 4.50 5.50 6.50 

1.25 1.75 2.25 2.75 3.25 4.00 5.00 6.00 

M 1.00 1.06 1.10 1.15 1.1 8 1.22 1.28 1.34 1.39 
1.03 1.08 1.13 1.17 1.20 1.25 1.31 1.36 

Lr, 
7,00 8.00 9.00 10.0 11.0 12.0 14.0 16.0 2 • 

7.50 8.50 9.50 10.5 11.5 13.0 15.0 163' 

M 
1.41 1.46 1.50 1.54 1.58 1.62 1.69 1.75 

1.44 1.48 1.52 1.56 1.60 1.65 1.72 1.77 . THE MAXIMUM ALLOWED RATIO L = D + 2t 
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INTERNAL PRESSURE 
FORMULAS IN TERMS OF OUTSIDE DIMENSIONS 

p = DESIGN PRESSURE OR MAX. ALLOWABLE WORKING PRESSURE PSI 

s = STRESS VALUE OF MATERIAL PSI ,PAGE 126 

E = JOINT EFF.ICIENCY PAG£,112 

R = OUTSIDE RADIUS, INCHES 

D = OUTSIDE DIAMETER, INCHES 

t = WALL THICKNESS, INCHES 

C.A.= ,CORROSION ALLOWANCE, INCHES 

A CYLINDRICAL SHELL (LONG SEAM I 1 

ttlP 
PR SEt 

t=SE+0.4P P = R- oAt 

I. Usually the stress in th~ long seam is governing. See 

page 7. 

2. When the wall thickness exceeds one half of the inside 

radius or P exceeds 0.385 SE, the formulas given in 

the code UA 2 shall be applied. 

B SPHERE and HEMISPHERICAL HEAD 

PR p = 2 SEt 
t = 2SE+0.8P R O.St 

I. For heads without~ straight flange, use the t!fficiency 

of the head to shell joint if it is less than the efficiency 

of the seams in the head. 

2. When the wall thickness exceeds 0.356 R or P exceeds 

0.665 SE, the formulas giv~n in th~ cod~ UA. 3. shall 

be applied. 

c 2: I ELLIPSOIDAL HEAD 

e PD p = 2 SEt 
t = 2SE+l-:-s? D 1.8t 

I ~ ~ l. For ellipsoidal heads, where the ratio of the major and 

minor axis is other than 2:1, see Code UA.4(C). 
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STRESSES IN VESSELS ON TWO SADDLES 
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SIIELL 

FORMULAS 

QA( 

A R'-11) 1-I+2AL 
411 

I+ JL 
St= + 

"'KR1 t5 
•See note on faci11g page 

4~ ( R' -II' 
QL + 2 L' 
4 I 411 

+3L 
sl + 

1T Rl ts 

K, Q ( L- 2A ) 
s, = Rts L + 4/.J H 

" ;] 
:>: 
~ _, 
< 
>= 
~ 

~A 
~< 
"~ IN - K,g ( L - 2A ) 
~~ sHELL s, - Rts L + 4/3 II 
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IN 
SIIELL 

IN 
IIEAD 

ADDI· 
TIONAL 
STRESS 
IN !lEAD 

AT 
HORN 

OF 
SADDLE 

AT 
BOTTOM 

OF 
SHELL 

s, 

S, = K,Q 
Rts 

K,Q 
s, = Rih 

K,Q 
S, = Rih 

Q JK,Q 
4t 5(b+l.5~)-~ 

0 12K,QR 
54- ) 

4t 5(b+l.5~) Lts 

K,Q 
s,- t5(b+ !.56yRts) 

NOTATION: 
All dimenslom In Inches 
Q = Loid on one saddle lbs. 
R "' Radius of shell 
S = Streu pound per sq. inch 
Is = Wall thickness of shell 
lh = Wall thickness of head 

(Excluding corrosion allow.} 
K =Constant, see page 76. 
8 = Contact angle of saddle degree 

Max. Allow. Stress 

In tension S1 plus the stress due to 
internal pressure {I'R/:H5) shall not 
exceed the allowable stress value of 
shell material times the efficiency of 
girth seam. 

In compression the stress due to In· 
ternal pressure minus s 1 shall not ex· 
ceed one half of the compression 
yield point of the material or the 
value given by: 

S, < (~)(I/R)(2- (2/3)(100)(1/R)] 

s2 shall not exceed 0.8 times the 
allowable stress value of vessel ma
terial, 

S3 plus stress due to Internal pres
sure shall not exceed 1.25 times the 
allowable tensile stress value of head 
material. 

NOTE: Use formula with factor K2 
if ring not used or rings are adjacent 
to the saddle, Use formula with fac
tor K3 If ring used in plane of saddle. 

S4 shall not exceed l.SO times the 
allowable tensile stress value of shell 
material. 

s 5 shall not exceed 0.5 times the 
compression yield point of shell ma

terial. 
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STRESSES IN VESSELS ON TWO SADDLES 
! 

en NOTES: 
en 
~ Positive values denote tensile stresses and negative values denote compression. pe: 
f-< 

E =Modulus of elasticity of shell or stiffener ring material pound per square inch. en 

" z 
The mqximum bending stress s1 may be either tension or compression. -0 z Computing the tension stress in the formula for S 1, for factor K the values of 

~ K1 shall be used. 

"' >-1 Computing the compression stress in the formula forSt, for factor K the values 

...: of Kg shall be used . 
z When the shell is stiffened, the value of factor K = 3.14 in the formula for S I· -0 
~ The Compression stress is not factor in a steel vessel where t{R;; 0.005 and the 
f-< vessel is designed to be fully stressed undh internal pressure. 
G z Use stiffener ring if stress S1 exceeds the maximum allowable stress. 

0 
>-1 

If wear plate is used, in formulas for s2 for the thickness ts may be taken the 

.:.:: sum of the shell and wear plate thickness, provided the wear plate extends R/10 

...: inches above the horn of the saddle near the head and ex·tends between the 
~ saddle and an adjacent stiffener ring. p:: 
en 
>-1 In unstiffened shell the maximum shear occurs at the horn of the saddle. When ...: - the head stiffness is utilized by locating the saddle close to the heads, the 
f-< z tangential shear stress can cause ail additional stress (S3) in the heads. This 
~ stress shall be added to the stress in the heads due to internal pressure. 

" z When stiffener rings are used, the maximum shear occurs at the equator. 
...: 
f-< 

If wear plate is used, in formulas for S4 for the y1ickness ts may be taken the 
sum of the shell and ·wear plate thickness and forts may be taken the shell thick-
ness squared plus the wear plate thickness squared, provided the ..year plate 

>-1 extends R/10 inches above the horn of the saddle near the head. The combined 
< circumferential stress at the top edge of the wear plate should also be checked. 
t=: When checking at this point: ts = shell thickness, 
z · b = width of saddle 
~ {} = central angle of the wear plate but not more 
.:.:: than the included angle of the saddle plus 12° 
~ 
1-L. If wear plate is used, in formulas for Ss for the thickness ts may be taken the 

1'§ sum of the shell and w~te thickness, provided the width of the wear plate 
equals at least b + 1.56 Rts. 

u If the shell is not stiffened, the maximum stress occurs at the horn of the saddle . 
.:.:: This stress is not be to-added to the internal pressure-stress. -

I 
u In a stiffened shell the maximum ring-compression is at the bottom of shell. 

Use stiffener ring if the circumferential bending stress exceeds the maximum 
allowable stress. 
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STRESSES IN LARGE l!ORIZONTAL VESSELS SUPPORTED BY TWO 

SADDLES 

VALUES OF CONSTANT K 
(Interpolate for Intermediate Values) 

*K1 = 3.14lf the shell is stiffened by ring or head (A< R/2) 

CONTACT 
ANGLE Kr• K2 K3 K4 K5 K6 K7 K8 

e 

120 0.335 1.171 0.880 0.401 0.760 0.603 

122 0.345 1.139 0.846 0.393 0.753 0.618 

124 0.355 1.108 0.813 0.385 0.746 0.634 

126 0.366 1.078 0.781 0.377 0.739 0.651 

128 0.376 1.050 0.751 0.369 0.732 0.669 

130 0.387 1.022 0.722 0.362 0.726 0.689 

132 0.398 0.996 0.694 0.355 0.720 0.705 

134 0.409 0.971 0.667 0.347 0.714 0.722 

!36 0.420 0.946 0.641 0.340 0.708 0.740 

138 0.432 0.923 0.616 0.334 0.702 0.759 

140 0.443 0.900 0.319 0.592 0.327 0.697 0.780 

142 0.455 0.879 For 0.569 0.320 See 0.692 0.796 

144 0.467 . 0.858 Any· 0.541' . 0.314 chart 0.687 0.813 

146 0.480 0.837 Con~ 0.526 0.308 on 0.682 0.831 

148 0.492 0.818 Tact 0.505 0,301 facing 0.678 0.853 

ISO 0.505 0.799 Angles 0.486 0.295 page 0.673 0.876 

152 0.518 0.781 0 0.466 0.289 0.669 0.894 

154 0.531 0.763 0.448 0,283 0.665 0.913 

!56 0.544 0.746 0.430 0.278 0.661 0.933 

!58 0.557 0.729 0.413 0.272 0.657 0.954 

160 0.571 0.713 0.396 0.266 0.654 0.976 

162 0.585 0.698 0.380 0.261 0.650 0.994 

164 0.599 0.683 0.365 0.256 .0.647 1.013 

!66 0.613 0.668 0.350 0.250 0.643 1.033 

168 0.627 0.654 0.336 0.245 0.640 1.054 

170 0.642 0.640 0.322 0.240 0.637 1.079 

172 0.657 0.627 0.309 0.235 0.635 1.097 

174 0.672 0.614 0.296 0.230 0.632 1.116 

176 0.687 0.601 0.283 0.225 0.629 1.137 

178 0.702 0.589 0.271 0.220 0.627 1.158 

!80 o:11s 0.577 0.260 0.216 0.624 1.183 

I 

I 

I 

I 

"' -~ 

~ 
~ 

~ 
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STRESSES IN LARGE HORIZONTAL VESSELS SUPPORTED BY TWO 

SADDLES 
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WELDED JOINTS 

TYPES 

CODE UW-12 

I 
Butt joints as attained by 

double·welding or by other 
means which will obtain 

~ 
the same quality of 

deposited weld metal on 
the inside and outside 

= weld surface, 

Backing strip if used 
shall be removed after 

completion of weld. 

2 

~ Single-welded butl jotnt 

w~ 
with backing strip 
which remains in 

(For circumferenlial 
place after welding 

joint only 

3 

~ 
Single-welded butt joint 
without use of backing 

strip 

4 

g ~~\:;) Double-full 

~ ~ fillet lap joint 

5 

~~3 Single-full fillet 
lap joint 

with plug welds 

6 

,..., 
~ ti»)~~ 

Single full fillet lap joint 
without 

plug welds 

I ...<:l, 
c-

JOINT EFFICIENCY, E 

a. When the Joint: 

Fully b. c. 

Radio- Spot Not 

graphed Examined Examined 

1.00 0.85 B 
I 

I 

0.90 0.80 0.65 

I 
I 

- - 0.60 
I 

I 

I 

- - 0.55 
I 

- - 0.50 

- - 0.45 

LIMITATIONS 
IN APPLYING VARIES 

WELD TYPES 

FOR TYPE I 
NONE 

FOR TYPE 2 NONE 

Excepl butt weld with one 
plate offset - for .circumfer
ential joints only. 

FOR TYPE 3 
Circumferential joints only, 
not over 5/8 in. thick and 
not over 24 in. outside dia
meter. 

FOR TYPE4 
Longitudinal joints not over 
3/8 in. thick. Circumferen
tial joints not over 5/8 in. 
thick. 

FOR TYPE 5 
(a) Circumferential joints* 
for attachment of heads not 
over 24 in. outside diameter 
to· shells not over 1/2 in. 
thick. 
(b) Circumferential joints 
for the attachment to shells 
of jackets not over 5/8 in. 
in nominal thickness where 
the distance from the center 
of the plug weld to the edge 
of the plate is not less than 
1-1/2 tunes the diameter of 
the hole for the plug. 
*Joints attaching hemispher
ical heads to sl1ells are ex
cluded. 

FOR TYPE6 
la) For the attachment of 
heads convex to pressure to 
shells not over 5/8 in. re
quired thickness, only with 
use of fillet weld on inside of 
shell; or (b) .for attachment 
ot neads fiavmg pressure on 
ejther side, to Shells not over 
24 in. inside diameter and not 
over 1/4 in. required thickness 
with fillet weld on outside of 
head flange only. 
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WELDED JOINTS 

NOTES 

1. In this table are shown the types of welded joints 

which are permitted by the code in arc and gas 

welding processes. 
2. The shape or the edges to be joined by butt-weld 

shall be such us to permit complete fusion nnd 

penetration. 
3. Butt joints shall be free from undercuts, overlaps 

and abrupt ridges and valleys. To assure that the 

weld-grooves are completely filled, weld metal may 

be buill up as reinforcement, The thickness of the 

reinforcement shall not exceed the following thick

nesses. 

Plate thickness ln. 
up to 1/2 Inc\. 

over 1{2 to I Incl. 
over 1 

Maximum rein f. in. 
3/32 
lf 8 
3/16 

4. Before welding the second side of a double welded 

bull joint, the impurities of the first side welding 

shall be removed by chipping, grinding or melting 

out to secure sound metal for complete penetra· 

tion and fusion. For submerged arc welding, 

chipping out a groove in the crater is recommeJtd

od. 
5. The maximum allowable joint efficiencies given in 

this table are to be used in calculations of the 

loadings, when the joints made by arc or gas weld

ing processes. 
6. The code restricts the use of welded joints to 

certain types for vessels in the following services: 

a. When vessels are to contain lethal substances 

b. When vessels are to operate below -20F 
c. Unfired steam boilers with design pressures 

exceeding SO psi. 
d. Pressure vessels subject to direct firing {Code 

UW-2). 
;, The following butt welded joints shall be examined 

radiographically for their full length. 

a. Joints In vessels used to contain lethal substan

ces. 
b. Joints In which the thinner of th.e plate at the 

welded joint exceeds 1-l/2 in. or exceeds the 

lesser thickness prescribed In UCS-57 (e.g, for 

P-1 materials l-1/4 in.) 
c. Joints In unfired steam boilers, the design pres

sure of which exceeds 50 psi, . 
d. Joints in nozzles, communicating chambers, 

etc. In vessel or vessel section that is required 

to be radiographed under a, b, and c. (See 

UW-11 (4) 1~ 
8. If the vessel ls spot radiographed the seamless 

vessel sections and heads joined with butt welds 

shall be designed using a stress value equal to 85 

percent of the allowable stress value prescribed for 

the material· UW-12 (b). See example on the 

fallowing page. 
9. If the vessel radiographically is nat examined, and 

the jolut efficiencies given in column (c) are used 

In all other than welded joint calculatiOn, a stress 

value equal to 80 percent allowed for the material 

shRII be used. UW-12 (c). See examPle an the 

following page. 
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VOLUME OF SHELL & HEADS 

J.D. ASME F & D. HEAD* HEMIS. HEAD* 
of 

I 
Wt. of 

Vessel :: C Ft 
Wt.of 

. 'I u. . GaL Bbl. Water Cu.Ft. GaL Bbl. Water 
m. : lb. lb . 

. · 12 0.08 0.58 0.01 4.83 0.26 1.96 0.05 16.34 

14 0.12 0.94 0.02 7.83 0.42 3.11 0.07 25.95 

16 ·0.19 1.45 0.03 12.08 0.62 4.64 0.11 38.74 

18 0.27 2.04 0.05 17.00 0.88 6.61 0.16 55.16 

20 0.37 2.80 0.07 28.33 1.21 9.07 0.22 75.66 

22 0.50 3.78 0.09 31.49 1.61 12.07 0.29 100.7 

24 0.65 4.86 0.12 40.49 2.09 15.67 0.37 130.7 

26 0.82 6.14 0.15 51.15 2.66 19.92 0.47 166.2 

28 1.10 8.21 0.20 68.40 3.33 24.88 0.59 207.6 

30 1.30 9.70 0.23 80.81 4.09 30.60 0.73 255.4 

32 1.64 12.30 0.29 102.5 4.96 37.14 0.88 309.9 

34 1.88 14.10 0.34 117.5 5.95 44.54 1.06 371.7 

36 2.15 16.10 0.38 134.1 7.07 52.88 1.26 441.2 

38 2.75 20.60 0.49 171.6 8.31 62.19 1.48 519.0 

40 3.07 23.00 0.55 191.6 9.70 72.53 1.73 605.3 

42 3.68 27.50 0.65 229.1 11.22 83.97 2.00 700.7 

48 5.12 38.30 0.91 319.1 16.76 125.3 2.98 1046 

54 

I 

7.30 54.60 1.30 454.9 23.86 178.5 4.25 1489 

60 10.08 75.40 1.80 628.2 32.73 244.8 5.83 2043 

66 13.54 101 2.41 843.9 43.56 325.8 7.76 2719 

72 II 17.65 13'L 3.14 1100 56.55 423.0 10.07 3530 

78 22.32 167 3.98 1391 71.90 537.8 12.80 4488 

84 28.47 213 5.07 1775 89.80 671.7 16.00 5606 

90 35.56 266 6.33 2216 110.4 826.2 19.67 6895 

96 42.51 318 7.57 2649 134.0 1003 23.87 8368 

102 52.14 390 9.29 3249 160.8 1203 28.63 10037 

108 60.96 456 10.86 3799 190.9 1428 34.00 11914 

114 73.66 551 13.12 4590 224.5 1679 39.98 14012 

120 84.35 631 15.02 5257 261.8 1958 46.63 16343 

126 97.32 728 17.33 6065 303.1 2267 53.98 18919 

1132 I 108.71 813 19.36 6773 348.5 2607 62.06 21752 

138 1127.0 950 22.62 7915 398.2 2978 70.91 24856 

144 147.9 1106 26.33 9214 452.4 3384 80.57 28241 

*Volume within the straight flange is not included 
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AREA OF SURFACES 
(In Square Feet) 

Outside Cylindrical 2: I ASME Hemis- Flat 
Diameter Shell per Ellipsoidal Flanged and pherical Head 
of Vessel Lineal Foot Head Dished Head Head 
D inches ( 1r X D) (I.09 x D2) (0.918 x D2) (1.5708 x D2) (0.7854 x D2J 

12 3.14 1.09 0.92 !.57 0.79 

14 3.66 1.48 1.25 2.14 1.07 

16 4.19 1.94 1.64 2.79 1.40 

18 4.71 2.45 2.07 3.53 1.77 

20 5.23 3.02 2.56 4.36 2.18 

22 5.76 3.66 3.10 5.28 2.64 

24 6.28 4.36 3.68 6.28 3.14 

26 6.81 5.12 4.32 7.08 3.69 

28 7.32 5.92 5.00 8.55 4.28 

30 7.85 6.81 5.76 9.82 4.91 

32 8.37 7.76 6.53 11.17 5.58 

34 8.90 8.75 7.39 12.11 6.31 

36 9.43 9.82 8.29 14.14 7.07 

38 9.94 10.93 9.21 15.75 7.88 

40 10.47 12.11 10.20 17.44 8.72 

42 11.00 13.35 11.25 19.23 9.62 

48 12.57 17.47 14.70 25.13 12.57 

54 14.14 22.09 18.60 31.81 15.90 

60 15.71 27.30 23.60 39.27 19.64 

66 17.28 33.10 27.80 47.52 23.76 

72 18.85 39.20 I 33.00 I 56.55 28.27 

78 20.42 46.00 38.85 66.37 33.18 

84 21.99 53.40 45.00 76.97 38.49 

90 23.56 61.20 51.60 88.37 44.16 

96 25.20 69.80 58.90 100.54 50.27 

102 26.70 78.80 66.25 113.43 56.25 

108 28.27 88.25 74.35 127.25 63.62 

114 29.85 98.25 83.00 141.78 70.88 

120 31.50 109.00 92.00 157.08 78.87 

126 32.99 120.11 100.85 173.20 86.59 

132 34.56 132.00 111.50 190.09 95.03 

138 36.20 144.00 121.50 207.76 102.00 

144 37.70 157.00 132.20 226.22 113.50 



Structural Assessment of a Hazardous Waste Storage Tank 
for Hukill Chemical Company 

Spent Acid System- Spent Acid Tank 
Exhibit D-9 

Extrapolation of Values for Constant K8 

Reference [19-pg 76] 

e Ks Difference Increment 

Extrapolated 90° 0.382 
Values 0.067 

100° 0.449 0.007 
0.074 

r ll0° 0.523 0.006 
0.080 

~ 120° 0.603 0.006 
0.086 

Table 130° 0.689 0.005 
Values 0.091 

140° 0.780 0.005 
0.096 

150° 0.876 0.004 
0.100 

160° 0.976 0.003 
0.103 

170° 1.079 0.001 
0.104 

180° 1.183 



Structural Assessment of a Hazardous Waste Storage Tank 
for Hukill Chemical Company 

Spent Acid System- Spent Acid Tank 
Exhibit D-9 

Extrapolation for Values for Constant K7 
Reference [19-pg 76] 

8 K7 Difference Increment 

Extrapolated 90° 0.899 
Values 0.053 

fooo 0.846 0.007 
0.046 

ll0° 0.800 0.006 
0.040 

Table 120° 0.760 0.006 
Values 0.034 

130° 0.726 0.005 
0.029 

140° 0.697 0.005 
0.024 

150° 0.673 0.005 
0.019 

160° 0.654 0.002 
0.017 

170° 0.637 0.004 
0.013 

180° 0.624 



EDP/ 1 ;;I~~~~;; 
Consultants, Inc. 

July 7, 1988 

Hukill Chemical Corporation 
7013 Krick Road 
Bedford, Ohio 

Atten: Mr. Ed Price 

Gentlemen 

Hukill Chemical Corporation 
Tank Farm Expansion -
Bedford, Ohio 
EDP/TRIGGS #88166 

We have completed subsurface exploration work for the proposed 
Tank Farm to be added to Hukill Chemical's existing facility in 
Bedford, Ohio. Three copies of our 0 Report of Subsurface 
Exploration are enclosed for your use and distribution. 

We have recommended that the propose tank support/containment 
slab be supported by conventional strip footings. The footings 
are to be excavated through any fill to bear on undisturbed soil. 

We are ready to provide the necessary plan and specification 
review and construction observation and testing services as 

described in this report. These services are important to this 
project's successful construction and performance. 

If you have any questions about the findings or recommendations 
of this report, or require additional geotechnical services for 
this project, please call us. 

Very truly yours 

EDP/TRIGGS Consultants, Inc. 

~£.9~ -
John E. Dingeldein, P.E. 
Project Engineer 

~ 9;?:t;';: 
Reviewi~Engineer 

Geotechnical o Construction Materials Engineers 

34025 Chardon Road. Willoughby Hills. Ohio 44094 ·Phone (216) 585-1320 

l'Ll lt 
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1. Scope of Report 

This report presents the results of a subsurface exploration for 
a tank farm addition to the Hukill Chemical Corporation facility 
in Bedford, Ohio. Subsurface conditions were identified by a 
field exploration program consisting of 3 __ borings in the tank 
foundation area supplemented by borings made -during previous 
explorations at the site. Selected soil samples were tested in 
the laboratory, and field and laboratory tests were interpreted, 
resulting in recommendations for foundation design. 

2. Proposed Project 

From information provided by Mr. Ed Price, we understand that a 
reinforced concre~e slab with above grade concrete retaining 
walls is proposed for construction. The slab will measure 
approximately 35 feet by 90 feet in plan dimension. It will 
support up to 16 steel tanks. The above grade retaining walls 
are designed to help contain leaks or spills. The slab will be 
located just north of the existing tank farm. 

The preceding information represents our understanding of the 
proposed project, and is an important part of our engineering 
interpretation of the site explored. If this understanding is 
not correct or if project conditions change, we must review this 
report relative to our recommendations. 

3. Site Conditions' 

The site is located on the north side of Hukill Chemical 
Corporation's existing facility at 7013 Krick Road in Bedford, 
Ohio. The proposed foundation slab will be located adjacent to 
the north side of the existing farm's earth containment dike. A 
gravel road passes through the area. A small grass-covered field 
is located north of the road. Site topography is relatively 
level in the construction area. 

The site is located in a area know for glacial deposits and 
shallow bedrock. Residual soils are often encountered below the 
glacial deposits and above bedrock. Existing ground water 
~onitoring wells are located around the site. 

4. Field Exploration 

Subsurface conditions were studied by an exploration program 
consisting of three new Standard Penetration Test borings 
supplemented by data from six borings made in 1982. Approximate 
test locations are shown on the enclosed Boring Location Plans. 

Borings were drilled to depths of 15 feet during the current 
exploration. Due to the near level surface grades on the site, 
boring elevations were not determined. 

1 
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The borings were drilled in accordance with ASTM standards. A 
two inch O.D. split-spoon sampler was driven into the Eoil using 
a 140 lb. hammer dropping 30 inches. The number of blows 
required to drive the sampler was recorded for each of three, six 
inch penetration intervals at each sample location. 

Three inch O.D. thin-wall Shelby tube samples were hydraulically 
pressed at the following locations and depths: 

B-1; 
B-2; 

3.5 to 
6.5 to 

5.5 ft. 
8.5 ft. 

Groundwater was not encountered at the time of the exploration. 

The results of this field exploration are presented on the 
enclosed boring logs. 

5. Laboratory Testing 

Samples were delivered to our laboratory, where they were 
examined and classified by a geotechnical engineer following ASTM 
Standards. Selected soil and bedrock samples were then tested 
according to the following schedule: 

Water Content 

Unconfined Compression, 
with Unit Weight and 
Water Content 

SAMPLES 

A total of 11 split-spoon 
samples from selected locations 

B-1; 
B-2; 

4.9 to 
7.0 to 

5. 4 ft. 
7. 3 ft. 

Water content tests are indicators of soil consistency, strength, 
and compressibility. Unconfined compression tests provide data 
concerning soil shear strength and bearing capacity. Water 
contents, unconfined compressive strengths, and dry unit weights 
are listed on the boring logs. Stress-strain curves from 
unconfined,compression tests are presented on enclosed data 
sheets 

6. Subsurface Profile 

Based upon the subsurface and laboratory data obtained during the 
exploration, the soil profile for the tank slab area can be 
generalized as fill overlying-topsoil, alacial till and residual 
deposits, and shale bedrock. ~ · 

Fill was encountered at all of the boring locations within the 
proposed tank farm addition area. Its depth ranged from 
approximately 1-l/2 feet to 6 feet. The fill material was 
variable in composition. 
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Deposits of glacial and residual soils were encounter~d beneath 
the fill. These soils were predominantly clays having varying 
amounts of sand and gravel size pieces. The clay's consistency 
ranged from very stiff to hard. 

Shale bedrock was encountered in all of the borings at depths 
which ranged from approximately 7-1/2 to 12-1/2 feet. Rock 
hardness ranged from very soft to soft. 

Groundwater was not encountered in the borings at the time of our 
exploration. Groundwater levels, however can be measured using 
the existing monitoring wells at the site. 

Subsurface conditions at other times and locations on the site 
may differ from those found at our test locations. If different 
conditions are encountered during construction, it is necessary 
that you contact us so that our recommendations can be reviewed. 

7. Enaineerina Interpretation and Recommendations 

We have interpreted the subsurface and laboratory data relative 
to the proposed construction. Several foundation alternatives 
were reviewed with Mr. Price prior to completing this report. 
The recommendation presented, in our opinion, represents the best 
approach based upon the geotechnical and environmental concerns 
of the project. 

A. Foundations 

As we discussed, there is fill placed over the proposed tank 
concrete slab area. This fill is quite variable in consistency 
and composition and is not suitable for foundation support. The 
slab should either be supported structurally, or may be 
constructed on new engineered fill. The engineered fill solution 
has been ruled out due to the amount of soil which would have to 
be removed and disposed of. 

Several foundation systems for supporting the 35 by 90 ft slab 
were considered. Due to environmental considerations, a shallow 
strip footing system was considered most practical for supporting 
the slab. Strip footings should bear on very stiff to hard 
brown lean clay below any fill. The borings indicate that the 
bearing soil may be encountered at depths of 1-1/2 to 6 feet 
below existing site grades. Footing depths should be no 
shallower than 3.5 feet below grade for protection against frost 
related heave. Footings may be ro ortioned for a maximum net 
allowable bearing pressure of 4,000 sf The concrete slab 
should be designed as an unsupporte slab with all loads being 
transferred to the footings. The footing trenches should be 
cleaned of all loose cuttings and free of water prior to placing 
concrete. The top of the slab could be set at an elevation which 
would allow the spoil from the footing excavations to be used as 
compacted fill beneath the slab. 
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B. Construction Observation and Testing 

A soils technician working under the direct superv~s~on of the 
project geotechnical engineer should be present during foundation 
constru~tion, to verify compliance with the recommendations 
contained in this report. 

The technician's duties would include, but not be limited to: 

a. Identifying proper quality bearing materials. 

b. Observing the foundation bearing surface and bearing depth, 
and verifying that excess water, mud, and loose soil has 
been removed. 

c. Checking the placement of reinforcement. 

d. Sampling and testing concrete for compliance with the 
project specifications. 

C. Remarks 

The recommendations and observations contained in this report are 
professional estimates based upon data which are assumed to be 
representative of the site studied. Variations in subsurface 
conditions may occur below or between the locations tested. This 
report was developed in accordance with currently accepted 
engineering practices at this time and location. 

8. Signatures 

~L9Jl-
John E. Dingeldein, P.E. 
Project Engineer 

~?:: a~~13: 
Reviewing Engineer 
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Tcble 6-518. Volume of Cvlinders, 10 to 98 A. Diameter• 
"' n· D. D. :J)ialll·· 1am., 1am..,. 1am., 
~ft. in. Gal./ft. ft. in. GaL/ft. ft. Cal./ft. ft. Cal./ ft. 

~10 0 588. 17 6 1,799 30 5,288 55 17,770 
10 3 617 18 0 1,904 31 5,650 56 18,420 

:10 6 648 18 6 2,0ll 32 6,020 57 19,090 
10 9 679 19 0 2,121 33 6,400 58 19,760 

. 11 0 7ll 19 6 2,234 34 6,790 59 20,450 

11 3 744 20 0 2,350 35 7,200 60 21,150 
11 6 777 20 6 2,469 36 7,610 62 22,580 

.•Jl 9 811 21 0 2,591 37 8,040 64 24,060 
12 0 846 21 6 2,716 38 8,480 66 25,590 
12 3 882 22 0 2,844 39 8,940 68 27,170 

12 6 
,12 9 

" 0 .1.1 3 
... 13 6 

9 
0 
3 
6 
9 

918 
955 
993 

1,031 
1,071 

l,lll 
1,152 
1,193 
1,235 
1,278 

1,322 
1,411 
1,504 
1,599 
1,698 

22 6 
23 0 
23 6 
'24 0 
24 6 

28 0 
28 6 
26 0 
26 6 
27 0 

27 6 
28 0 
28 6 
29 0 
29 6 

2,974 
3,108 
3,244 
3,384 
3,526 

3,672 
3,820 
3,972 
4,126 
4,283 

4,443 
4,606 
4,772 
4,941 
5,113 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

.. : "Gal./ft. = 5.875D2 , where D = diameter, ft. 

9,400 
9,880 

!0,360 
10,860 
11,370 

11,900 
12,430 
12,980 
13,540 
14,110 

14,690 
15,280 
15,890 
16,500 
17,130 

70 
72 
74 
76 
78 

80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

28,790 
30,460 
32,170 
33,930 
35,740 

37,600 
39,500 
41,450 . 
43,450 
45,500 

47,590 
49,730 
51,910 
54,140 
56,420 

iiilmerically tO a:/57.30. Table 6-52 gives liquid volume, for a 
PUtially filled horizontal cylinder, as a fraction of the total volume, 
fur the dimensionless ratio HID or H/2R. 
::-·The volumes of heads must be calculated separately and added 
. to the volume of the cylindrical portion of the tank. The four types 

· 'Of-heads most frequently used are 'the standard dished head,* tori
spherical or A.S.M.E. head, ellipsoidal head, and hemispherical 
head. Dimensions and volmnes for all four of these types are given 
in "Lukens Spun Heads," Lukens Steel Co., Coatesville, Pa. Ap
proximate volumes can also be calculated by the formulas in Table 

"The standard dished head does not comply with the A.S.M.E. Pressure 
Vessel Code. 

Table 6-53. Volumes of Heods 
(Use consistent units) 

Di 

Knuckle 

I 
radius 

Type of head '• 
,, L 

Standard .-\pprox. Approx. 
dished 31 D, 

Torispherical O:OBL .. ... D, 
or A.S.~LE. 

Torispherkal 31 .. D, 
or A.S).I.£. 

Ellipsoidal ..... 
Ellipsoidal .. ". D;/4 
Hemispherical ... DJ2 DJ'l. 
Conical .. ,. ..... 

I 

STORAGE OF UQUIDS 6-87 

Table 6-52 Volume of Partially Filled Horizontal Cylinders 

Fraction Fraction Fraction Fraction 
HID of-volume HID of volume HID of volume HID of volume 

0.01 0.00169 0.26 0.20660 0.51 0.51273 0.76 0.81545 
.02 .00477 .27 .21784 .52 .52546 .77 .82625 
.03 .00874 .28 .22921 .53 .53818 .78 .83688 
.04 .01342 .29 .24070 .54 .55088 .79 .84734 
.05 .01869 .30 .25231 .55 .56356 .80 .85762 

.06 .02450 .31 .26348 .56 .57621 . 81 .86i71 • 

.07 .03077 .32 .27587 .57 .58884 .82 .87760 

.08 .03748 .33 .28ii9 .58 .60142 .83· .88727 

.09 .04458 .34 .29981 .59 .61397 .54 .89673 

.10 .05204 .35 .31192 .60 .62647 .85 .90594 

.II .05985 .36 .32410 .61 .63892 .86 .91491 

.12 .06797 .37 .33636 .62 .65131 .87 .92361 

.13 .07639 .38 .34869 .63 .66364 .88 .93203 

.14 .08509 .39 .36108 .64 .67590 .89 .94015 

.15 .09406 .40 .37353 .65 .68808 .90 .947-96 

.16 .10327 .41 .38603 .66 .70019 .91 .95542 

.17 .11273 .42 .39858 .67 .71221 .92 .96252 

.18 .12240 .43 .41116 .68 .72413 .93 .96923 

.19 .13229 .44 .42379 .69 .73652 .94 .97550 

. .20 .14238 .45 .43644 .70 .74769 .95 .98131 

..21 .15266 .46 .--H912 .71 .75930 .96 .98658 
22 .16312 .47 .--16182 .72 .77079 .97 .99126 
.23 .17375 .48 .47--1:5--1: .73 .78216 .98 .99523 
.24 .18455 .49 .48727 .74 .793--1:0 .99 .99831 
.25 .19550 .50 .50000 .75 .80450 1.00 1.00000 

6-53. Consistent units must be used in these formulas. It should 
be remembered that volumes are given for one head but that usually 
two heads are involved. 

A partially filled horizontal tank requires the determination of 
the partial volume of the heads. The Lukens catalog gives approxi
mate volumes for partially filled (axis horizontaO standard, A.S.M.E., 
and ellipsoidal heads. A formula for partially filled heads, by Doo
little [Ind. Eng. Chern. 21, 322-323 (1928)], is 

V = 0.00093H2(3R - H) (6-46) 

where V = volume, gal.; R = radius, in.; and H == depth of liquid, 
in. Doolittle made some simplifying assumptions which affect the 
volume given by the equation, but the equation is satisfactory for 
determining the volume as a fraction of the entire head. This 

' 
' 

I 
% 

Volumt! Error Remarks 

Approx. :=:::10 h varies with t 
0.050Dl + 1.65tD~ 

lo.osog~ I ' 
=oJ l r;. must bt! the 

larger of 0.06£ 
Appro:<. 0.5131!Df =s and 31 

-:;Dfh/6 0 
~0:/2--1: 0 Standard proportions 

~Df/12 0 

-:-:hzD7 + D,d + ,P)/E!. 0 Tnmcated COlle 
h =height 
d = diameter at 

sm;dl end 



PRESSURE VESSELS 6-93 

Tobie 6 56 Vessel Design Formulas far Internal Pressure -
Description Formulas . Notes 

SEt 
C)·lindrical shell t= PR 

Circumferential stress (longitudinal joints) when t does not P=--SE 0.6P R + 0.6t exceed O.SR or P does not exceed 0.3855£. 
PR 2SEt 

Spherical shell t When t does not exceed 0.356R or P does not exceed 0:6655£. . P=---
2SE 0.2P R + 0.2t 

PL 2SEt Hemispherical head t= When t does not exceed 0.356£ or f does not exceed P=---25£- 0.2P 0.6655E. L = inside radius. 

Ellipsoidal head (semiellipso_idal) 

Torispherical (spherically dished) head 

Conical head without transition knuckle 

~ 
1----D---1 

ltomenclo.ture: 
·;· t = shell or head thickness, In. 
::P= pressure, lb./sq. in. 
;S =allowable stress, lb./sq. in. 

:- £=joint efficiency, dimensionless 
.:,II = inside radius, in. 

t= 

•= 
II'= 

t 

t= 

PD 
P= 

2SE- 0.2P 

PDK 
P= 

2SE- 0.2P 

0.885PL 

SE- O.lP I P= 

PIM 
P= 

2SE ~ 0.2P 

PD 
P= 

2 cos a{SE - 0.6P) 

L + 0.2t 
2SEt 

For semiellipsoidal heads in which h = D/4. 
D + 0.2t 

SEt 
For values of Djh from 2 to 6. K = Ys X [2 + (D/2h)2]. DK + 0.2t 

SEt 
For standard A.S.M.E. heads in which min. knuckle radius = 

0.885L + O.H 6% of inside crown radius but is not less than 3t. L must 
not exceed D + 2t. -

2SEt For values of L/r from l to 16%. M = %(3 + VIJT). 
LM. + 0.2t r must be at least 3t and 0.06 X (D + 2t). L must not 

exceed P + 2t. 

2SEtcos a 
A reinforcing ring may be required. See Code paragraphs 

D + l.2tcos a UAS (b) and (c). Applicable for a :::; 30". 

·• D =:= inside diameter of head skirt, or inside length of major axis of an ellipsoidal head, in. 
: h_:;= inside depth of an ellipsoidal head, in. 
· t = inside knuckle radius of a torispherical head, in. 
L = inside radius of hemispherical head or inside crown radius of a torisphencal head, in. 

(Appendix). There are also rules for openings in flat heads and for 
closely spaced openings. 

Reinforcement may be added by welding rings of plate or bar 
around the opening. Sometimes a heavy ring may be inserted in 
an opening in the shell, as shown in Fig. 6-135a. Although this 
is accepted by the Code, it is not favored. Another type which 
~ used, particularly in high·pressure vessels, .is a forged nozzle 
mserted as shown in Fig. 6-135b. This is an excellent design and 
the weld can be radiographed. 

The Code does not limit the size or shape of openings. It does, 
ho....·ever, have special rules and recommendations for openings of 
certain shapes and sizes. 

Flange design procedures are specified by the Code for joints ::-t a~e circular in shape and have the gasket located inside the 
. It cu-cle. In such flanges there is a moment arm between the 
~cle on ~hich the bolt force W is applied and the circles on which Th· 0PP?St~g gasket force Ha and hydraulic thrust HD are applied. 
A 15 pnnctple is illustrated in a simplified way in Fig. 6-136a. 

ctual flange calculations may involve additional forces. 
Applying the forces Ha and HD with their corresponding moment 

:;: hq a~d hD produces bending moments which try to tum the 
d ge_ 1~Stde out. If the flange does not have sufficient strength 

an ng~dity to resist these moments, its cross section will rotate 
~ough to open a gap at the gasket and permit leakage. This is 
lh ustrated in an exaggerated view in Fig. 6-136b. Appendix II of 
c:Jc;lod_e contains detailed procedures, gasket data, and curves for 

Th atmg flange loads, moments, and stresses. 
n .e Code classifies flanges in two basic types-integral and loose. 
~ mtegral-type flange is constructed in such a way that it obtains 
V."bi;h s~re~gth from its hub and from the nozzle or vessel wall to 

It Is attached .. Loose-type flanges are attached in such a 

manner that they cannot safely be assumed to obtain strength in 
this way. They must resist all of the.moment internally. Section 
VIII, Division 1, has a third category, called optional-type flanges. 
Examples of all three types of flanges are shown in Fig. 6-137. (See 
Code Par. UA-48.) 

Code flange design, as specified in Appendix II, involves the 
calculation of two types of loads, minimum required bolt load for 
gasket seating, and minimum required bolt load for the operating 
conditions. When a joint is initially put together, it is necessary 
to apply sufficient force on the gasket to make it conform to the 
surface of the flange. Code Table UA-49.1 gives suggested values 
of minimum design seating stress which is necessary to "yield" each 
particular type of gasket and make it conform to the Bange swface. 
These stress values vary from 0 for rubber to 26,000 lb./sq. in. for 
stainless steel. The minimum required bolt load for gasket seating 
is determined by applying this stress to a prescribed fraction of the 
gasket area (calculated by formula). The flange and bolting are 
designed to carry this load (as well as the resulting moment), using 
the stresses allowed in the materials at atmospheric temperature. 
The entire gasket area is not used in calculating seating load, 
because the deflection of the Bange causes it to bear most heavily 
at the outer edge of the gasket. 

When a joint must withstand internal pressure, the Code assumes 
that leakage will not occur if the flange bears against the gasket 
with a pressure that is a certain multiple of the internal pressure 
in the vessel. This multiple is known as the gasket factor. Code 
Table UA-49.1 gives suggested values which vary from 0.5 for soft 
nrbber to 2.0 for Ys-in.-thick compressed asbestos and to 6.5 for 
stainless steeL If internal pressure is 100 lb./sq. in. and gasket factor 
is 2.0, then the flange must exert a pressure of 200 lb./sq. in. against 
the gasket. Applying this pressure to a specified portion of the 
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TABLE 29 Formulas for membrane stresses and deformations in thin-walled pressure vessels 

NOTATION: P :;:;: axial load (pounds); jJ = unit load (poumls per linear inch); q and w = unit prcssurc11 (pounds per square iuch); 0 = density (pounds per 
cubic inch); o1 = meridional stress (pounds per square inch)i a 2 = circumferential, or hoop, stress (pounds per square inch); R1 = radius of curvature 
of a meridian, a principal radius of c11rvature of the shell surface (inches)i /l 2 = length of the normal between the point on the shell and the axis of 
rotation, the second principal radius of curvature (inches); R = radius of curvature of a circumference (inches); llR :;:;: radial displacement of a circumference 
(inches); l:ly = change in the height dimension y {inches); 1[1 = rotation of a meridian, positive when 6./l increases withy (radians); E = modulus of elasticity 
(pounds per square inch)i and v = Poisson's ratio 

Case no., form of vusd Manner of loadin~ 1-'nnuulas 

2 Cone ' h. llni~=~~~~m~l~o~"~'";'~l~o~!~;1~~=-~;;;_=--------------
l'- "'1 i;"'"" lb/" ,"'"" ., '" \I..._ • ~ g<oll•i ,,,: :.lj!p;~ ;JOO· 2/ '"'II ---~--------

.\ WI ··= qR ----l:;.r~ \I I IR!"' 

1

'"'" ~...( T ~~ on- qR' _.,, v~ r -El"": (·- ·i) I I \ _l U.v = H:~:i-1>11 fl- 21'- .11an2n) 

• '___L >/o = ,qi/Joo II 
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INSTRUCTION ~1ANUAL 
PRINCO ~10DEL L3502 

NULL-KOTE 
PROB-A-LARM 

IPRINCD-L 
1020 INDUSTRIAL HWV. 

SOUTHAMPTON, PA. 18966 



r10DEL L3502 CONTROL WITH PROBE 

'A ' ..... ; ..... __ 

IllUSTRATION OF EQUIPMENT 
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SECTION 1 

DESCRIPTION 

Princo's Model L3502 Point Level Control is truly universal 
in its ability to work with practically all process control 
type liquids and materials. Its unique circuit design forms· 
the basis for Prince's Null-KoteTM system, which ignores 
build-up, even conductive coating on the sensing probe. 

Operating on RF (Radio Frequency) Impedance sensing principle, 
the L3S02 will detect the presence (high level) or absence 
(low level) of virtually any material or liquid in any type 
of storage bin or tank. Likewise, it may be made Fail-Safe 
in either high or low mode. Because of its excellent 
stability and wide range sensitivity, the L3502 will operate 
in conjunction with process materials which range from low 
dielectric products such as refined oils to conductive 
slurries. 

The Model L852 sensing probe is the standard probe (others 
optional) employed by the L3502. Its sensing and guard 
elements are constructed of 316 stainless steel. Insulating 
sections are made of molded epoxy resin. This probe is 
suited to a wide range of applications, including many having 
corrosive process materials. 

1-1 



SECTIO!~ 2 
SPECIFICATIONS 

TYPE 

Point type (on/off), high frequency (RF}, impedance sensing, all solid state level controller. 

SENSITIVITY 

Senses capacitance as low as O.lSpF 
dielectric constant as low as·l.S. 
decreased to approximately lOOOpF. 

TEMPERATURE STABILITY 

and material-with 
Serusi ti vi ty may be 

Temperature coefficient is 0.0025pF/°F (0.004SpF/•C). 

RELAY CONTACTS 

Two sets of form c contacts, rated as 10 ~peres, llSV AC or 26V DC, resistive load. 

DELAY TIME ~~D DELAY MODE OPTIONS 

Standard delay is 0 to 30 seconds, standard mode is delayed turn--on and delayed turn--off. Optional delays are 0 to 10 or 0 to 60 seconds. optional modes are delayed turn--on ·with instant off, or delayed turn--off with.instant on. 

POWER REQUIREMENTS 

95 to 125V AC, SO to 60 Hz, s watts, or 24Vdc ~10\, or 12Vdc ~10\, 5 watts. (Select applicable power source). 

ELEC~RONIC HOUSING 

Heavy duty cast aluminum. ~xplosion proof Class l, groups c & D, Class II, Groups E, F & G. Weatherproof, FM Approved. 

2-1 
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PROTECTIVE LINING FOR SULPHURIC ACID SERVICE AND 
CORROSIVE ENVIRONMENlS REQUIRING AMBIENT CURE 

DESCRIPTION 

Siiomne• C2033 Is a two co~nent polymer system. 
It is an organic-inorganic thermoset polymer having an 
oxygen-to-<:artlon finkage with a very dense. highly 
cross-linked molecular struclllre. The absence of 
problematic llydroxyl and ester gi'QUPS makes Si
loxirane impervious to a wide range of corrosive and 
erosive materials. ExceUent tor sulplluric acic:l service 
from 1% to 98%. 

APPUCATIONS 

Siloxirane• may be used on steel substrate tl'lat has 
been property prepared. on alloys, glass, concrete, 
wood. plastics, etc.; it can be appfied by spraying, 
troweDing or brushing. Although normaUy cured at 180.. 
200"F, Siloxirane• C2033 can be cured at ambient 
temperatures (60"F and above). This makes it espe
ciaHy suijable for use on structural steel. concrete 
dikes, concrete acid and waste water pits, etc., where 
curing at elevated temperatures is arlficult or impracti
cal It Is capable ol handling acids. alkalies and 
solvents. 

SUMMARY OF BENEFITS 

• Broad range of Cllemicat resistance 

• Steam Cleanable 

• Unique temperature span: -80"F to +200"F 

• Non-absorbent 

• coe11. ol expansion similar to ttlat ot stainless steel 

• Maintains a tough, hard surface 

• Easily patdled by maintenance personnel 

• OUtstanding abrasion wear resistance 

• ExoeUent adhesion, even wijh flexing 

• COmplies with FDA 21 CFR 1n .2420 

J.1DVANCED Avon. OH 44011 

Oyster While 

• Weigl'lt per Gallon 11.0 lbs. 

• v.o.c. level 0.85 lbs. per gallon 

• lead Content Zero 

• Kll Size 3 Gallons C2001 Resin 
35.2 Oonoes C2033 Catalyst 

• Activator C2033 Catalyst 

• Pot life 1.5 hours at 8o-F and 
SO%reLhum. 

• VISCOsity Reduce with MEK to 12·13 
seconds with a Zahn #5 

• Flash Poinl 53"F 

• Sofids by Volume 86.9"k 

• Solids by Weigl'll 92.8% 

• Chromate Content Zero 

•Theorelical 136(1 sq. II. per 
COverage gal. at 1 mUIFT 

• Recommended OFT 10..13 mils dry 
12-14 mils Wilt 

(t or 2 coat appllc. - see directions) 

• Shell Ue One year rnlnillwm when 
stored at 5o-90"F 

POLYMER SCIENCES, INC. Phone 8011-334-7193 Telex 985504 Fax 216-937·5046 



"HYS1CAI. PROPER! liES 

• Tendo~ 
(ASTMD638) 

• RUU1'31 $ll'englh 
RUUI'3I Moctm• 

(ASTMD790) 

18.650 p.s.l. 
0.1116 k.s.l. 

• Water .Absod:IIIOII (30 dayS In 
(ASnof 0570) fWC Water) 

• Permeability • Vapor 
Transmission of Water 
at 90"C for 7 Days 

• Th111111121 Properties: 

O.OOOOgm 
per sq. 1t. per 7 days 

per inclllhic:kness 

COIIIIf.. at Thermal ~ 19 

·SO'C to 150'C fll1llni"C X 1 0"'1 
(ASTMD696) 
Coefl. of Thermal Conductivity 80x1 0"" 
(ASTM 02214) (cellsec.. c:mZ. "C.cm) 

'RINCIPAI.. USES 

• Lap Shear Slnlnglit -67'F 
(ldlmion) 75"F 
(ASTM 1 002'1 350'F 

53S"F 

• Heat Delledion Temp. 264 p.s.i. 
(ASTMD648) 

• Hardness 

• lll"lfJ3C! ResisWII::a 
(ASTM 02794) 

• u.v. Light Resistance 
(ASTMG53) 

-40"F 0.69 m.sJ. 
75"F 0.69 m.s.i. 

• Water while sulfuric acid service. SILOXJRANE• C2033 oilers protection to a wide range of equipment such as 

tanks. reactors,pumps.. scrubbe~. pipes, ducts. waste water Pits. etc.. in the foUowing industries: 

Chemical and Petrochemical Processing 
Petroleum Refilling 
Mining and Smeling 
Paper and Pulp 
Hazawous Wasl:e Disposal and Management 
Transportatlori 
Power Generation 
Steel 

CHEMICAL RESISTANCE: 

•· 

Sulphuric acid to 98% at 200"F, most solvents ina! ding methanol. gasoho~ dlsliDecl waler, Inorganic acidS. dilute 

organic acids and alkalies. Ideal for corrosive vapor environments. 

LlDVANCED Avon. OH 44011 

POlYMER SCIEN<:ES.INC. Pllcne 800·334·7193 Telex ~95504 Fax 216·937-So.lG 

---
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G!:NERAL 

SEALTIGHT CM·60n.o TWO-PART 
POLYSULAOE SEAlANT is a ~ 
grade. two--component, non-.sag JOint 
sealant. composed of a ThiokaJ• poly
sulfide liQuid polymer base--:ii"i excel
lent for sealing jointS between lilt-up 
and pre-cast panels. for sealing pen
meter joints of wtndow unrts and 
joints between curtain wall panels as 
well as glazong of metal and glass 
panels. flasntngS. coping joints. etc. 
Su1table for all vertical wall joents re
qu~ong a hign performance sealant. 
Also Ideal for me seating. c:au1ung 
and glazong of aU kinds of pre-cast as
semblies. e_~pansion joints, window 
channels. doors. sills and ventilaun 
as well as to mdanons, retaining 
walls, swunming pools, reservoirs. 
tunnels. lodes. etc. • 

It cures within 24 hours to a """""' 
nent. flexol>le. ru~e CO<\SIStency 
with outstanding stretch. After COC"'\

plete cure. CM-60 will witnstand 
:1: 12.5% joint movement. In addi
tion, CM-60 withstands extremes of 
repeated joint expansionlc:ontraction 
over a practical service temperature 
range of - 20• to + 180"F. and has 
h•gh resiStance to the ravages of 
weather. moisture. ozone and chemi
£~1t ~a•ntains an effect~ 
between practJCally all budding ma
tenals. wnh srmilar and dlsszmdar 
substrates. surface textures and ex-
•A•Q••••••<~ "110.-• ol •- , ___ ._, __ .. 
Coo_.,_ 

pansion rates. including metals.,a: 
!2!:!J· glass and wood. 

ADVANTAGES 

Excellent lor all joints na""'9 move
mentduetotemoeraMec:hartges. 

• Cures to a flexible. rubbery. non
sagg.ng. non--sta.n.ng seal whch 
will not harden. crack. or lose ad
heSHJn upon agng. 

Ma•nta•ns an effectrve bOnd be· 
tween pracnca'itv all bulidUlg ma
terials. w•th snutar or d1ssnnalar 
substrates. surface textures and 
expansxJ,n rates. 

WithStands extremes of repeated 
joint expansiorVcontraction Q'Vtl"" a. 
wide temperatUre range. 

• Has high resiStance to ravages of 
weather. mo1sture. ozone and 
chemicals. 

APPLICATION 

Joint Dimensions: CM-60 Sealant is 
designed for use in joints having a 
minimum width of 1/4... PerfOf
mance ol !Iii sealant IS dependent 
upon jomt design; joint widlh should 
be a minrmum of four times the anti
~ipated joint movement ~~n 
temperature extremes. 

Sealant Depth: For optimum sealant 
performance. the joint sealant shape 
shoutd be controUed to provide 1 .'4 • 
depth rnnemun: for joent wtdths up'""iO 

1/2"; for joints bet>•-• 1/2" and 
, •• 1he sealant depth - be 112 
1he joint width; for joints over 1" 
wide. sealant depth may be main
tained at 1/2". Control sealant depth 
by insening SEAL TIGHT Sacke< Rod, 
which also acts as • bond breaker 
pre"""""9 three poont adl>esion. i.e .• 
adhesion at the bottom of tile joint. 

Join1 Prepal'll:tion: Joint sur1aces 
must bectean. dry and free of aU conta· 
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State of Ohio Environmental Protection Agency 

Northeast District Office 

211 o E. Aurora Road 
Twinsburg, Ohio 44087-1969 

August 21, 2000 

Mr. Mike Mraz 
Hukill Chemical Corporation 
7013 Krick Road 
Bedford, OH 44146-4493 

TELE (330) 425-9171 FAX (330) 487-0769 Bob Taft, Governor 
Christopher Jones, Director 

~~@~1/Pf'~ 
M. Au c. 2 s If) 
wa~~Hw, P£RA~ Zooo /)) 

' Pest.· . lVI// s~ 
US ICtde cC/fO 
.. £p/l s & lo ... · 'N. w~~ 

,., • R~ "'Cs D. w/8 
Gtotv s ~'Vis,on 

Re: Hazardous Waste Permit Modification, Class JA Notice of Deficiency 
Hukill Chemical Corporation, U.S. EPA ID: OHD 001926740 
Ohio EPA lD: 02-18-0315, Installation oftheAuger, Cuyahoga County 

Dear Mr. Mraz: 

On July 26, 2000, Ohio EPA received a request for a Class IA permit modification 
(PITS# 000801-1A-1) from Hukill Chemical Corporation (Hukill). 

The Ohio EPA, Division of Hazardous Waste Management (DHWM) has conducted a 
completeness/technical adequacy review of the above referenced modification application, .and has 
determined it to be incomplete and technically inadequate. This application has been reviewed 
pursuant to the rules published in the Hazardous Waste Facility Standards Chapters in the Ohio 
Administrative Code ("OAC") and the ·corresponding Federal regulations. 

We have enclosed completeness/technical adequacy comments that are the result of this review as 
Attachment 1. Please provide detailed information addressing all areas indicated on the comment 
sheets to Ohio EPA within 15 days ofthe date ofreceipt ofthis correspondence. This submission 
shall be in accordance with the following editorial protocol or convention: 

EDITORIAL PROTOCOL 
' 

1. Old language is overstruck. Delete language overstruck in previous versions as necessary 
to maintain only current language and its immediate antecedent overstruck language. 

2. New language is capitalized. 

3. Page headers should indicate date of submission or version designation. 

4. If significant changes are necessary, pages should be renumbered, table of contents revised, 
and complete sections provided as required. 

@ Printed on recycled paper 
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5. Each original application, or amended version must be prefaced by an updated "List of 
Effective Pages." The purpose of this requirement is to create a standard mechanism to 
specify and verify the content of the Part B permit application. Each "List of Effective 
Pages" must contain, at minimum, an inventory of pages for the entire document, posting 
directions, and a chronology of versions. The inventory of pages must positively identify 
each effective attachment by its page, drawing, figure, or table designation, and, unless an 
original page, by its current version designation or date of submission as specified in the 
inventory of pages. Attached are two examples of"List of Effective Pages" and associated 
page markings. RCRA Engineering Section, Division of Hazardous Waste Management, 
Central Office, Ohio EPA may authorize individual facilities to use an alternate method of 
specifying the content of their Part B permit application on a case-by-case basis. 

6. Each original application, or version must be accompanied by a certification letter as 
specified in OAC Rule 3745-50-42(D). 

Please send one copy each to: 

Tom Crepeau, Manager 
Ohio EPA, DHWM 
Data Management Section 
122 S. Front Street 
P.O. Box 1049 
Columbus, Ohio 43216-1049 

Please send two copies to: 

Joe Loucek, Environmental Specialist 
Ohio EPA, Northeast District Office 
2110 East Aurora Road 
Twinsburg, Ohio 44087 

Haniet Croke, Chief 
Ohio Permitting Section (HRP-8J) 
Waste Management Division 
U.S. EPA, Region 5 
77 West Jackson Boulevard 
Chicago, Illinois 60604 

In the course of the technical adequacy review, we may request additional information if it is 
necessary to clarify, modify, or supplement previous submissions of information in order to 
substantively evaluate the permit application for adequacy. 

Failure to submit a complete permit application or to conect deficiencies in the application may 
result in the following: 

1) Revocation of your existing Ohio Hazardous Waste Facility Installation and Operation 
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2) Denial of the permit application; and 

3) Referral of the matter to the Ohio Attorney General's Office for appropriate enforcement 
action. 

If necessary, Hukill may contact Joe Loucek of the Northeast District Office at (330) 963-1258 
within ten (10) days of receipt ofthis NOD to discuss each of the enclosed comments in order to 
make clear the information being requested. This can be accomplished by a conference call or 
meeting. 

... ' 

Thereafter, any questions concerning the review of this permit application and the level of detail 
expected should also be addressed to Joe Loucek. . 

Sincerely, 

o eph . Loucek, III 
Environmental Specialist 
Division of Hazardous Waste Management 

JCL:ddw 

cc: Harriet Croke, Region V, SEPA 
Jeremy Carroll, EU, DHWM, CO 
Tom Crepeau, DMS, DHWM, CO 
Pam Allen, CAS, DHWM, CO 
Joe Loucek, DHWM, NEDO 
Frank Popotnik, DHWM, NEDO 
Mike Joseph, DHWM, CO 



ATTACHMENT 1 - Comments on the Class lA Modification Request for Hukill Chemical 
Corporation to Install an Anger System 

General Comments: 

1 Red text is not acceptable. The red text is useful for a working copy and from an editorial 
standpoint is appreciated. However, the red text does not carry through onto additional 
copies Ohio EPA may need to make of the updated pages. The set protocol is as follows: 

The Revised Class lA modification shall be prepared in accordance with the following 
editorial protocol or convention: 

a. Old language is overstruck. Delete language overstruck in previous versions as 
necessary to maintain only current language and its immediate antecedent 
overstruck language. 

b. New language is capitalized. 

c. Page headers should indicate date of submission or version designation. 

d. If significant changes are necessary, pages should be renumbered, table of 
contents revised, and complete sections provided as required. 

e. Each original application, or amended version must be prefaced by an updated 
"List of Effective Pages." The purpose of this requirement is to create a standard 
mechanism to specify and verify the content of the Part B permit application. 
Each "List of Effective Pages" must contain, at minimum, an inventory of pages 
for the entire document, posting directions, and a chronology of versions. The 
inventory of pages must positively identify each effective attachment by its page, 
drawing, figure, or table designation, and, unless an original page, by its current 
version designation or date of submission as specified in the inventory of pages. 
Attached are two examples of "List of Effective Pages" and associated page 
markings. RCRA Engineering Section, Division of Hazardous Waste 
Management, Central Office, Ohio EPA may authorize individual facilities to use 
an alternate method of specifying the content of their Part B permit application on 
a case-by-case basis. 

2 The pages should be revised to remove previously approved comments. It is confusing 
and inappropriate to not submit a clean copy showing only current proposed changes. 

3 Only submit those pages that are directly affected by this current permit modification. 

4 Hukill should resubmit the auger class modification determination request information as 
part of this class lA modification request. 
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Comments on Auger Installation Modification Request 
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Section D Permit Modifications: 

5 Page 11 

6 Page 22 

7 Page 22 

8 Page 22 

9 Page 23 

10 Page 23 

The section entitled, Tanks Storing Hazardous Waste, sixth paragraph, 
second line reads " ... considered a permitted hazardous waste storage 
tank." Until the ORC section 3734.0(2)(0) exemption is approved, the 
auger system will treat exempt waste (waste sent to BIFs) only. It is 
premature and inappropriate to consider this section a "permitted 
hazardous waste storage tank". 

The section entitled, Auger System Tank (750 gallon), refers Figure 1 in 
Exhibit D-12. It is acceptable to submit a reduced size drawing, as fotmd 
in the submitted permit modification request. However, if you do this, the 
reduced-size drawing must be modified from the original in that all text is 
readable. Please revise Figure 1, making all text readable. Drawing 
details specific to the auger should also be clearly visible on the drawing. 

The section entitled, Design, paragraph I, first sentence reads " ... haz. waste 
foel blends." Again, use exempt language when referring to treating 
hazardous waste within the auger. This language would be appropriate in 
the ORC section 3 734.0(2)(0) exemption request, but not here. 

The section entitled, Design, paragraph 2 describes the normal flow of 
materials through the fuel blending operation. A figure should be included 
that matches exactly the descriptions used in the body of this section text 
of the layout and operation of the auger system. This may be the purpose 
of Figure I, but in its current font size, this is indeterminable. 

Third paragraph, last line reads " ... removed for reconditioning or 
disposal." Additional information should be included as to any cleaning 
procedure which may be followed. If it is anticipated that after the auger, 
the drums will be RCRA empty, such a comment should be provided. 
Since the auger is original equipment manufactured (OEM) equipment, a 
contingency should be included in the event the drums are not RCRA 
empty after the auger. 

The section entitled, Management, second line reads " ... will be cleaned 
periodically." Periodically must be defined (e.g., weekly, monthly) and 
why this interval is chosen. Please note, "as needed" is not an appropriate 
way to define periodically, nor is it a suitable substitute. 
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11 Page 23 

12 Page 23 

13 Page 24 

14 Page 24 

15 Page24 

The section entitled, Inspections, second sentence reads "The containment 
is the same ... " Some reference should be made to where the steel floor is 
already described within the permit. 

The section entitled, Inspections, second sentence also reads " ... will be 
inspected (along with the tank) ... " Therefore, the inspection log needs to 
be updated and included as a page change with this modification request. 

The section entitled, Requirements for Ignitable or Reactive Wastes, first 
paragraph again refers to "hazardous waste" stored in the auger system 
tank. The language should be revised to state it will only manage exempt 
waste (waste sent to B IF s). 

Space is needed between first and second paragraph. A period is needed at 
the end of the second sentence. 

The section entitled, Requirements for Ignitable or Reactive Wastes, 
second paragraph, first line reads " ... is a restricted area." This is already 
described in detail within the permit. The appropriate sections of the 
approved permit should be referenced here. 

Section F Permit Modifications: 

16 Page 10 

17 Page 10 

18 Page 13 

Comparing page 10 of the permit (section F-4a(2)- Unload To Recovery) 
to the proposed changes, the pages do not "match". Page 10 of this 
submittal should start with "Container Building. As detailed in Section 
D ... " as it does on the existing page 10 (from the permit). 

Second full paragraph, line four discusses use of a drip pan under the 
conveyor. Please provide detail on the drip pan, including, but not limited 
to material of construction, size, etc. The extent to which the drip pan 
provides overspill collection should also be shown on the figures. 

First full paragraph, third line reads " ... handling equipment will be 
reviewed ... " The fourth line reads "Heat sensors will be integrated ... " A 
time line for these activities and final report documenting the final 
installation should be submitted to Ohio EPA. The paragraph should be 
revised to reflect this addition. 
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Part B Permit Modifications: 

19 Page27 

20 Exhibit A 

21 Exhibit A 

"insert Exhibit A" should all be capitalized. 

The entire paragraph should all be capitalized. 

Fourth line reads " ... tank contents is pumped ... " Detail as to specifically 
where the contents are pumped, and how they get there should be included 
here. 

Exhibit D-12 Comments: 

22 Introduction Second paragraph, first line reads " ... plans to installed ... " "installed" is a 
typo and should be corrected. 

23 Introduction In the second paragraph, the auger system is referred to as "Auger System". 
In the third paragraph it is referred to as the "Auger/Pulper System". Since 
neither term is defined, either define both, pointing out the differences, or 
settle on one term. 

24 Introduction Third paragraph, first line reads " ... within the containment area ... " That 
should be revised to make it clear the containment already exists. 

25 Introduction Third paragraph, third line refers to Figure 1 on the following page. Please 
see comment number 6 above. 

26 Introduction In the fourth paragraph, Hukill should make it clear that the steel 

27 Page 7 

28 Page 7 

containment is existing. 

Auger System Tank, section 1, first paragraph, first line reads " ... will be 
equipped ... " Details as to when the fire suppression system will be 
installed should be included. Detail should be included as to whether or 
not this system needs to be installed/certified by a professional, and the 
supporting rationale for that decision. 

Auger System Tank, section 1, first paragraph ends with ''fire water 
storage tank". The second paragraph begins with "Tank filling". Obvious 
from the text of the second paragraph the discussions are of two different 
tanks. This needs to be made clearer. 
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29 Page 7 

30 Page 7 

31 Page7 

32 Page 7 

33 Page 8 

34 Page 8 

35 Page 8 

36 Page9 

Auger System Tank, section 1, second paragraph fourth line reads " ... and 
taking appropriate action." Appropriate action should be defined. 

Ancillary Equipment, section 2 - this section should be revised to provide 
detail demonstrating the purpose of the pulper, including detail as to why 
it is considered ancillary and not intrinsic to the design of the auger 
system. 

Secondary Containment, section 3 discusses Figure 1. Please see 
comment number 6 above. 

Secondary Containment, section 3 also discuss the existing steel liner. 
Verbiage should be added that makes it clear the liner is already in place. 
In light of the first paragraph on page 8, this is important as this will 
eliminate any questions regarding precedence. 

First paragraph reads "750 gallons ... " " ... is the minimum required 
containment ... " This seems inconsistent when compared to section 3. b 
which states the 750 gallons "exceeds the minimum containment." Both 
statements should be further clarified. 

Third paragraph reads "The containment is inspected daily and spills 
would be ... " Since the inspections already occur, would it not be more 
appropriate to state that spills are removed within 24 hours? This 
paragraph also mentions the daily inspection of the containment area. 
Please see comment number II above. 

Section 3.b, second line reads " ... since these tanks ... " This document is for 
describing the auger tank and system in light of the permit modification 
request. It is not appropriate to discuss plural tanks. This paragraph 
should be revised in light of comments made above regarding the first 
paragraph on this page. You may include reference to the other tanks 
within the containment area, so long as specific singular reference is made 
to the auger tank system, and its impact on containment capacity. 

Corrosion Protection Measures, first paragraph reads " .. . HHC has 
maintained a protective coat ... " To Ohio EPA's knowledge, no 
maintenance has occurred on the auger tank to date justifying this 
statement. 
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37 Page 9 

38 Page 9 

39 Page 9 

40 Page 9 

41 Page 10 

42 Page 10 

43 Page 10 

44 Page 10 

Corrosion Protection Measures, first paragraph, second line reads "As 
stated in the ... " there needs to be the appropriate reference to that section 
of the Waste Analysis Plan (WAP). 

Corrosion Protection Measures, first paragraph, third line reads 
" ... hazardous waste destined for this tank system ... " to which tank system 
does this line refer, and what is the significance of this statement in light 
of a discussion on the auger tank system? Further, since this is in 
reference to the auger tank, references to it storing hazardous waste should 
be removed. 

Corrosion Protection Measures, first paragraph, last line reads " .. .prior to 
or during transfer to the storage tank." To which storage tank does this 
line refer, and what is the significance with regard to the auger system? 

Corrosion Protection Measures, second paragraph starts with "This tank" 
and ends with " ... this system." This paragraph should be revised to 
maintain uniformity of descriptions throughout. 

Third and Fourth paragraphs, last line in each paragraph reads " ... or when 
pinhole leaks begin appearing ... " Those sentences need to end with 
"whichever happens first." 

Fifth paragraph states that a of a factor of 2 is used to increase the 
minimum plate thickness, as described in the second and third paragraphs 
(The 2 is representative of some factor of safety). How was this value 
determined from a feasibility, engineering, and regulatory standpoint? 
What is the justification for its use versus, say a value of 3.5? 

Section l.a- Seismic Considerations - second paragraph, what is the 
significance of the factor of safety for seismic forces? 

Section I.e - Frost Heave - in both l.a and l.b, a simple definition for the 
load is provided according to the OBBC guidelines. It is inappropriate to 
remove the definition from l.a. In order to have uniformity and 
consistency in the document presentation, a like definition should be 
provided for frost heave. 
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45 Page 11 

46 Page 11 

47 Page 13 

48 Page 13 

49 Page 13 

50 Page 13 

51 Page 15 

Section 2.a- Full Tanlc- Huldll should explain why the 1.33 value is used. 
Please provide a reference. Where are the calculations for the load on one 
leg? Hukill should explain why the soil bearing capacity is used. The 
terms were switched from "soil capacity" to "concrete slab floor". Please 
change verbiage such that the document maintains consistent use of 
terminology. If the soil bearing capacity comes from the strength of the 
concrete and underlying bedding, engineering drawings from the 
installation of the concrete should be provided, or referenced if already 
part of the facility's hazardous waste permit. 

Section 3 - Secondary Containment, second line reads "The fact that ... has 
been described as non-critical." Where has this been done? Please cite 
the references where this fact has been determined to be non-critical, being 
sure the term "non-critical" is used and defined within the reference 
citation. 

Section 2- Non-Destructive Testing- what is the precedent for Hukill 
testing the tank thickness annually where other tanks at the facility are 
tested semi-annually? This section should follow Part B Permit Condition 
D.5(d), and permit should be modified to include this item as D.5(e). The 
current D.5(e) should become D.5(f). If it decided the tanlc thickness test 
will be performed semi-annually, permit condition D.5(d) should be 
modified to include the auger tanlc 

Section 4 - Ancillary Eguipment -this section fails to list the pulper as a 
piece of ancillary equipment as in Section 2, page 7 of this document. 
Further, that same section does not list the drum auger, pipes, valve, and 
fittings as ancillary equipment. This discrepancy must be addressed. 

Section 5 - Installation Certification - According to the previous page 
(Certification Statement for Written Assessment for the Design of the Tank 
System), the auger system is already installed. As such, the first paragraph 
of this section should be dated. 

Section 5 - Installation Certification - for clarity, third paragraph should 
state why "the placement, baclifilling and corrosion due to soil/water 
contact is not applicable to this installation." 

The Certification Statement for the Installation of the Tank System has not 
been signed/stamped. 
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Calculations: 

52 Page 1 

53 Page 1 

54 Page 1 

55 Page 2 

56 Page 2 

57 Page 2 

58 Page2 

59 Page2 

60 Page 2 

61 Page 2 

62 Page2 

63 Page2 

64 Page 3 

Hukill should explain from where the 1.3 3 (maximum use) is used for the 
specific gravity. 

In the 2" x 2" angle rim weight calculation, Hukill should why 3.19 is 
used. 

In the shell weight calculations, Hukill should explain why 10.2 and 20.4 
lb/sqft is used. 

In the bottom plate weight calculation, Hukill should explain why 20.8 is 
used. Hukill should explain why 1/4" is used. 

In the baffle weight calculation, Hukill should explain why 6.6 is used. 

Why is the 4x4 used in the leg weight calculation but not the baffle weight 
calculation? From the Auger System Tank figure, it would seem to me the 
calculations would be similar as the pieces appear similar. 

In the legs, weight calculation, Hukill should explain why 8.2 is used. 
Hukill should explain why 5116 is used. 

According to the figure, it appears as though the legs have plates welded to 
the bottom of each leg. The calculation for the weight of these plates, 
could not be found in the submittal. 

Hukill should explain why weights for the agitator support framing, shaft, 
arms and pulley, motor, and misc. appurtenances is used. 

In the weight of liquid in the upper shell calculations, Hukill should 
explain why 62.4 is used. 

Hukill should explain why volume below the upper shell value is used. 

In the weight of liquid below the upper shell calculations, Hukill should 
explain why 62.4 is used. 

In the tank legs calculation, Hukill should explain why 1.94 sq in is used. 
Hukill should explain why radius of gyration is used. 
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6S Page 3 

66 Page 3 

67 Page 3 

68 Page 3 

69 Page 3 

70 Page 4 

71 Page4 

72 Page4 

73 Page 4 

74 Page 4 

In the load on one leg calculations, Hukill should explain why 800/2 is 
used. Where did this equation is used. 

The calculations in 4. Check Tank Legs should follow the format the 
engineer used in SA. 

The calculations in SA- Calculation of Required Tank Wall Thickness
Cylindrical Shell, how was an f of 12,600 psi determined? What does the 
[2.1] reference? There is no equation called 2.1 within this document. 

The calculations in SA- If there is going to be a nominal thickness term 
used, it must be defined or given a value in this document. The obvious 
place is under the unit description on page 1 of the calculations. 

The calculations in SA- Where is service factor(SF) defined? How, 
looking at an SF of24.0 does one recognize/know that the cylindrical shell 
is "OK"? Include a reference to the service factor discussion and include a 
24.0 > 2.0 (from the textual discussion of service factor) line within this 
calculation, to include a brief verbal discussion here. 

The calculations in 5B -Longitudinal Force -uses the term "Spring Line". 
The diagram marked Appendix A (same as Figure 2) is supposedly the 
reference diagram for the calculations. It needs to be marked with the 
Spring Line. 

The calculations in SB -Longitudinal Force - there is no "he" in the 
calculation, so why is it defined with the other tenns? 

The calculations in' 5B - Longitudinal Force - in the calculation to 
determine 8, where is the lS" used? It should be defined, or shown 
graphically with a sketch (the sketch can be in the margin on that page). 

The calculations in 5B -Hoop Force- What is the significance of "2, 793 
lb/ft > 1,490 lb/ft"? 

The calculations in 5B -Hoop Force- how was an"!' of 12,600 psi 
determined? What does the [2.1] reference? There is no equation called 
2.1 within this document. 
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75 Page 5 

76 Page 5 

77 Page 5 

78 Page 5 

79 Page 6 

80 Page 7 

81 Page7 

82 Page7 

83 Page7 

84 Page 8 

The calculations in 5B - If there is going to be a nominal thickness term 
used, it must be defined or given a value in this document. The obvious 
place is under the unit description on page 1 of the calculations. 

The calculations in 5B - Where is service factor(SF) defined? How, 
looking at an SF of24.0 does one recognize/know that the cylindrical shell 
is "OK"? Include a reference to the service factor discussion and include a 
24.0 > 2.0 (from the textual discussion of service factor) line within this 
calculation, to include a brief verbal discussion here. 

In calculating the maximum effective area of compression, the calculation 
states to use 1.068 as the value instead of2.0. That decision needs to be 
explained. A small table below the service factor calculation on page 6 
showing use of 2.0 to be more restrictive is sufficient (with reference to it 
on page 5). 

In the Summation of Forces calculation, include references. 

What is the significance of"12,037 psi< 15,000 psi"? 

Under 8. Foundation Investigation, what is the source of the 2'-0"? Why is 
2'0" used? 

Under 8. Foundation Investigation, from where does 4,000 psfload 
bearing capacity for the slab and soil come? Ohio EPA requires some sort 
ofproof(drawings, etc.) of such values. If the drawing has previously 
been submitted and is part of the permit, it can be included by reference. 

Under 8. Foundation Investigation, from where does the 3,765lbs come? 
That needs to be included. 

Under 9. Containment Curb, what is being called the containment curb? 
Figure 3 should be referenced, as it is marked on there, though not clearly 
readable. 

Please use proper bibliographic reference format. Attachment 2 is an 
example of how reference lists should be formatted. 
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85 Appendix 1 The language in the first paragraph on this page, where it reads " ... in the 
permitted container storage area." is exemplary verbiage where I ask that 
it is made clear that the steel secondary containment is already 
permitted/existing (other comments on this list). 

86 Appendix 1 The third paragraph, first line reads " ... by 4% inch deep ... " This should be 
revised to read " ... by 4% inch (0.375 feet) deep ... " Doing so eliminates 
confusion in the gross volume calculation of where the 0.375' value comes 
from. 

87 Appendix 1 The third paragraph, first line reads " ... ofthe dike ... " This is the first 
mention of a dike. This statement should be reworded to maintain 
consistency throughout the discussion. 

88 Appendix 1 The sixth paragraph, second line reads " ... 7.481 gall cuft ... " Where does 
this value is used, and how does it relate to the 1.33 maximum specific 
gravity used throughout the body of Exhibit D-12? Any conversion from 
specific gravity to gal/cu ft should be shown. 

89 Appendix I The seventh paragraph, first line describes an aisle space within the 
secondary containment. Please provide, at a minimum a sketch 
representing these dimensions. As written, there is room at the bottom of 
the page for the graphical representation. 

90 Appendix I The seventh paragraph, fifth line reads " ... 4% inches, (0.375 ft.) ... " This 
should be revised to read" ... 4% inches (0.375 ft.), ... " The connna is 
misplaced. 

91 Appendix I It is unclear which way the ramp raises. Please provide detail as to 
whether the ramp raises up into the steel secondary containment area, or if 
the ramp drops down into the steel secondary containment area. 
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HUKILL CHEMICAL CORPORATION 
7013 KRICK ROAD • BEDFORD, OHIO 44146-4493 • 440 I 232-9400 • FAX 440 I 232-9477 

Over Fifty Years of Quality Products and Services 

March 2, 2000 CERTIFIED MAIL 

Ms. Harriet Croke 

~f-/0 OtJI 9?_(:, 740 RCRA Permitting Branch 
HRP-8J 
77 West Jackson Blvd 
Chicago,lL 60604 

Dear Ms. Croke: 

In accordance with OAC 3745-50-5l(C)(l)(a)(ii), this letter shall serve as your notification that 
Hukill Chemical Corporation, a permitted Part B facility, has implemented one (1) Class l A and 
three (3) Class 1 permit modifications. Class 1 modifications are administrative or informational 
changes. Class lA modifications require prior approval of the Director of the Ohio EPA. 

• Class 1A Modification (dated December 1'0, 1999) requesting a one-year extension to the 
Spent Acid tank closure deadline to account for remediation of underlying contaminated 
soils. 
Assigned OEPA tracking number 991220-1A-01 and approved January 6, 2000. 

Class 1 Modification (dated December 8, 1999) replacing one 21,000-gallon tank with two 
14,000-gallon tanks. 
Assigned OEPA tracking number 991213-1A-01 and approved by OEPA January 7, 1999. 

• Class 1 Modification (dated November 30, 1999) requesting six informational changes to 
Section D - Process Information. 

Assigned OEPA tracking number 991202-1-01 through 991202-1-06 and approved January 
24, 2000. 

• Class 1 Modification (dated January 30, 2000) changing the reporting schedule for progress 
reports from monthly to quarterly to conform with Agency guidance. 

Assigned OEPA Tracking number 000131-1-01 and approved February 16, 2000. 

If you have any questions or concerns about these modifications, please contact me at the number 
listed above. 

Respectfuy y, 

ltlttt~ / 
Judf Trader 
En~ironmental, Health & Safety Engineer 

~ U; ~ I 
. APR 10 2 

Cc: Marlene Kinney, Ohio EPA - DHWM 

w 
IS ~A 

CHEMICAL DISTRIBUTION • SOLVENT RECLAIMING • HAZARDOUS WASTE SERVICES 

EPA /.D. NO. OHD001926740 



HUKILL CHEMICAL CORPORATION 
7013 KRICK ROAD • BEDFORD, OHIO 44146-4493 • 4401232-9400 • FAX 440 I 232-9477 

August 19, 1999 

Ms. Harriet Croke 
RCRA Permitting Branch 
HRP-8J 

Over Fifty Years of Quality Products and Services 

77 West Jackson Boulevard 
Chicago, IL 60604 

Re: Hukill Chemical Corporation 
US EPA I.D. Number OHD001926740 
May 21, 1999 Class1/1A Modification Requests 

Dear Ms. Croke, 

In accordance with OAC 3745-50-51 (c)(1 )(a)(ii), this letter shall serve as your notification that 
Hukill Chemical Corporation has submitted two Class 1 modification requests and two Class 1A 
modification requests to the Ohio EPA. Class 1 modifications are administrative or informational 
changes that can be implemented right away without Ohio EPA approval. Class 1A requests 
require the OEPA Director's approval prior to implementation. The following details the 
modifications and Ohio EPA's response to the four modifications: 

• Class 1: The update to Section I of the Part B permit application includes the most recent 
closure/post closure cost estimate. This administrative change was acknowledged by OEPA 
in a letter dated June 9, 1999 and was assigned a tracking system (PITS) ID number of 
990525-1-1. 

• Class 1: The second update to Section I of the Part B permit application, to change Table 3 
and Table 3A to reflect the current rinseate standards, was assigned a PITS ID number of 
990525-1-2. This was acknowledged by OEPA in a letter dated June 9, 1999. 

• Class 1A: Modification of the timeframe found in permit condition A.26(b)(iii), submittal of an 
approvable closure plan. This was approved by OEPA in a letter dated June 9, 1999 and was 
8ssigned a track:ing system PITS !D number of 990525-1.A.-1. 

• Class 1A: Change in the closure schedule to extend the closure period for closure of the 
spent acid tank from 180 days to 270 days. This was approved by OEPA in a letter dated 
June 10, 1999 and was assigned a tracking system PITS ID number of 990528-1A-1. 

If you have any questions, please feel free to contact me at the number listed above or you can 
contact Ms. Marlene Kinney with OEPA at (330) 963-1162. 

Respectfully, crr:r'r. ·--.) i u -
Jennifelf P.- ylko 
Environmental, Health and Safety Manager 
Hukill Chemical Corporation 



HUKILL CHEMICAL CORPORATION 
7013 KRICK ROAD • BEDFORD, OHIO 44146-4493 • 440 / 232-9400 • FAX 440 1 232-9477 

Over Fifty Years of Quality Products and Services 

Ms. Harriet Croke 
RCRA Permitting Branch 
HRP-8J 
77 West Jackson Boulevard 
Chicago, IL 60604 

Re: Hukill Chemical Corporation 
U.S. EPA I.D. Number: OHD001926740 
Ohio EPA I.D. Number: 02-18-0315 
Class 1-A Modification Request Approved and Implemented 

Dear Ms. Croke, 

March 5, 1999 

In accordance with OAC 3745-50-51 (C)(1 )(a)(ii), this letter shall serve as your 
notification that Hukill Chemical Corporation, a permitted 'Part B' facility, has 
implemented a Class 1A modification which was approved by the Ohio EPA on January 
20, 1999. Class 1A modifications are administrative or informational changes that 
require approval before implementation. 

This modification made changes to an interim compliance date as agreed to in a meeting 
with the Northeast District Office (NEDO) of the Ohio EPA in December 1998. The 
compliance date was replaced with a requirement for monthly progress reports . This 
change allows for better, ongoing communication with the agency, and will help ensure 
that the final submittal will be acceptable to the agency. The first monthly progress 
report was submitted to the NEDO on February 2, 1999. 

If you have any questions on this matter, please feel free to contact me at the number 
listed abova. 

Respectfu lly, 

j '-"'~ d/~'cJ 
JenniferP. Zylka 
Environmental, Health and Safety Manager 
Hukill Chemical Corporation 

cc: Marlene Kinney- Ohio EPA, NEDO 

CHEMICAL DISTRIBUTION • SOLVENT RECLAIMING • HAZARDOUS WASTE SERVICES 

EPA I.D. NO. OHD001926740 


